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THE BEHAVIOR IN SOILS AND PLANTS OF TRACES OF 
STRONTIUM, CESIUM, RUTHENIUM AND ZIRCONIUM! 


VY. M. Klechkovskii and I. V. Gulyakin, K. A. Timiryazev Agricultural Academy 


N recent years an interest has developed in 
investigating the behavior in plants and soils 
of small quantities of some elements which pre- 
viously had not attracted the attention of agri- 
cultural chemists and plant physiologists. Among 
such elements are strontium, ruthenium, cesium 
and some others occupying places in the middle 
of Mendeleyev’s periodic system. This interest 
is related principally to the involvement in the 
biological cycle of substances in nature, and to 
‘the possible paths of migration of radioactive 
‘nuclides formed when the nuclei of heavy ele- 
ments disintegrate. It is natural that, from this 
point of view, the long-lived elements, such as 
strontium-90, cesium-137, and others should be 
of the greatest importance. 

In experiments with the radioactive isotopes 
of strontium, yttrium, zirconium, niobium and 
cerium, Jacobson and Overstreet (6) observed 
that traces of strontium had the highest rate of 
intake by the organs of plants located above 
ground. Vlamis and Pearson (16) confirmed that 
zirconium accumulates predominantly in the 
roots and in small quantities in the organs of 
peas above ground. Rediske and Selders (12) 
and Rediske and Hungate (14) found that the 
ratio between the concentration of radioactive 
‘strontium in those parts of the plants above- 
ground to its concentration in the soil was 
greater than unity; in experiments carried out 
by Neubauer’s method, barley absorbed about 
2% of the radioactive strontium contained in the 
soil. 

In experiments with radioactive yttrium, the 
analogous ratio and percent of absorption were 
far less (13). There is extensive similarity be- 
‘tween strontium and calcium in their behavior 
in plants. In Menzel’s experiments (7) the stron- 
tium intake in plants was inversely proportional 
to the content of exchangeable calcium, while the 


1This report was presented at the International 
Conference on the Application of Radioisotopes 
in Scientific Investigations (Paris, 1957). 

*E. V. Yudintseva, A. V. Korovkina, G. N. 
Tselishcheva and L. N. Sokolova worked on results 
covered by this paper. 


intake of cesium was inversely proportional to 
the amount of soil potassium accessible to plants. 

Neel, Olafson et al. (8) and Romney et al. 
(15) studied the intake of radioisotopes of stron- 
tium, ruthenium, cesium and cerium and ob- 
served the highest rate of intake and accumula- 
tion of strontium in the vegetative organs; they 
noted the effect of the soil reaction and of the 
exchangeable calcium content in soil on the in- 
take of strontium by plants. Nishita, Kowalew- 
sky and Larson (9) showed that the mineralogi- 
cal composition of the soil affects the intake of 
traces of strontium, cesium and ruthenium. The 
mineralogical composition is manifested in the 
relative strength with which the different fission 
products are retained in the adsorbed state. 
Nishita et al. (10, 11) recently reported observa- 
tions on the effect of organic substances on the 
assimilation of strontium-90 by barley and to- 
mato plants. 

For several years we have been doing research 
on the behavior of fission products in soils and 
in plants; some of the results of this research 
have been published (1-5). The experiments 
were done both with the radioactive isotopes of 
separate elements and also with nonseparated 
fission products. The various forms of radio- 
chemical composition and its change with time 
introduce complications into the general behay- 
ior picture of such radioactive nuclides in an ag- 
ricultural chemical experiment. However, certain 
results of experiments with nonseparated mix- 
tures of fission products are of interest, espe- 
cially when they make possible the comparison 
of data characterizing the specificity of the be- 
havior in similar systems of the individual com- 
ponents entering mto such mixtures. 

In addition to the specific peculiarities caused 
by the fact that each of the fission products of 
long and medium life belongs to a certain chemi- 
cal group, there exist other causes resulting in 
unique phenomena which we will discuss sub- 
sequently. These phenomena are related primar- 
ily to the extremely small quantities of the sub- 
stance on which the observations were made; if 
the radioactivity of fission products obliges us 
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TABLE 1 
Content of Cs'87, Sr9°, Rul, and Zr*® in mature 
wheat plants (in thousands of counts per minute 
per gram of dry material). The plants were placed 
for 24-hour periods in solutions of radioisotopes 
during the entire growing period 


Part of plant Cs}37 Sr90 Rul% Zr95 
Grain 29.1| 2.3) 0.03) 0.02 
Chaff 14376) 16.91 120) 40) 13: 
Upper leaves 495.2) 102.4; 3.2 | 0.70 
Lower leaves 323.4) 124.9 1.40) 0.88 
Upper half of stem 178.6| 33.9] 0.70) 0.10 
Lower half of stem 12354), 822c) 1200) 0.20 
Entire above-ground | 146.3} 33.2) 0.70] 0.20 

portion (average) 
Roots 807.0} 56.3] 368.50/31.60 
TABLE 2 


Content of the radioactive isotopes Cs187, Sr®°, Rw}, 
and Zr%* in mature wheat plants (in thousands of 
counts per minute per gram of dry material). The 
plants were placed for 24-hour periods in solu- 
tions of radioisotopes during the period from the 
phase of maximum stem development until the end 
of the experiment 


Part of plant Csi87 Sr9o Ruts Zr95 
Grain 34.5] 1.2) 0.02) 0.02 
Chaff 188.8] 21.4| 0.40) 0.20 
Upper leaves 674.7) 115.2} 1.80) 0.80 
Lower leaves 365.4| 1384.6] 1.60] 0.70 
Upper half of stem 191.6) 37.7; 0.60) 0.60 
Lower half of stem 102.4; 32.4) 0.40) 0.60 
Entire above-ground 

portion (average) 159.1) 35.5} 0.40) 0.30 
Roots 441.1} 65.7) 152.70,63.20 


to attach importance to the study of their be- 
havior when they are included in the biological 
cycle, such radioactivity also makes possible the 
detection of traces of the corresponding ele- 
ments. 

An additional factor causing unusual processes 
taking place with radioactive fission products is 
the presence among the latter of long-lived nu- 
clides forming radioactive daughter nuclides on 
fission (such as Sr — Y" or Zr” — Nb” etc.). 
The study of the peculiarities of behavior in soils 
and in plants of such short chains of radioactiv- 
ity 1s not only important from the standpoint 
of methods (for such peculiarities should be con- 
sidered in determining the content of such nu- 
clides by their radioactivity), but it is also of 
general interest. 


Intake and Distribution in Plants 


When plants take in radioactive substances, 
sorption processes and mutual precipitation oc- 
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cur related to changes in the reaction of thi 
nutrient solution and to the formation of pre} 
cipitates. To reduce the role of these factors au) 
much as possible, experiments in water cultur( 
were carried out by the fractional nutritio1) 
method. The plants were placed temporarily in 
containers with a full nutrient mixture wher 
they received the necessary nutrients (withou) 
the application of radioactive isotopes). During 
the experimental period, beginning at a definite 
time, the plants were transferred temporarily te 
other containers containing a tap-water solutior 
of the trace component under study. After 24 
hours in the radioactive solution the plants were 
again placed for one 24-hour period in containers 
with full nutrient mixture without the radioiso- 
topes, and this process continued for the entire 
experimental period. 

Tables 1 and 2 show typical data of one of 
the experiments with wheat. In the first series 
(Table 1) the plants were transferred (for 24 
hours at a time) from the nutrient mixture to 
the solutions with radioisotopes Sr”, Zr®, Ru*®,| 
and Cs during the entire period beginning with: 
the transplanted seedlings (into containers of) 
the growing medium) and ending with their ma~ 
turity. The concentration of radioactive isotopes' 
was 50 pe. per liter. With this dose, and under 
the conditions described here, there was no evi- 
dence of radiation damage to the plants. 

In the second series (Table 2) the plants were’ 
placed (for 24 hours at a time) in solutions of: 
the radioisotopes at maximum stem develop- 
ment until the end of the experiment. f 

Tables 1 and 2 show a sharp difference in the: 
ability of traces of strontium and cesium on the: 
one hand and of ruthenium and zirconium on the: 
other to penetrate via the roots into the above- 
ground organs of the plants. In this respect a 
very characteristic index is the ratio between 
the average activity (per gram of dry material) 
of the above-ground tissue and that of the roots 
(also per gram of dry material) for the first and 
second series of experiments with these ele- 
ments: 


Sr90 Csl37 Zr95 Ryioe 


Ratio between the average activ- I 0.59 0.18 0.006 0.002 
ity of the above-ground tissueand II 0.54 0.36 0.005 0.002 
of that of wheat roots 


The root system appeared to be a barrier 


°T = ratio calculated according to the data of 
Table 1; II = that calculated according to the 
data of Table 2. 


Ratio between the activity of the 
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against penetration into the above-ground or- 


.| gans of traces of zirconium and ruthenium. This 


does not occur with traces of strontium and 
cesium. 

It is curious that the ratio of the quantity of 
strontium in the roots to that in the above- 
ground portion of the plants was almost the 
same in the two series of experiments (I and IJ) ; 
the same thing was observed in experiments with 
ruthenium and zirconium. For cesium the ratio 
of activity of the above-ground portion to that 
of the roots was higher in the second series— 


) when the plants entered the experiment at a 


later phase of development, the beginning of 
maximum stem development. 


|. Table 3 shows the distribution of traces of 
cesium, strontium, ruthenium, and zirconium 


expressed as a percentage of the total content 


| of each of these elements calculated for a single 
,| plant. A clear difference appears between the 


distribution of cesium and strontium on the one 


)| hand and ruthenium and zirconium on the other. 
»|In experiments with strontium and cesium the 


radioisotope content in the roots varied between 
6 and 17% (of the total content of a plant) ; in 


| experiments with ruthenium and zirconium the 


quantity in the roots amounted to 83 to 95%. 
While the distributions between the roots and 


: the above-ground portion of strontium and ce- 


sium were mutually similar differing consider- 
ably from those of zirconium and ruthenium, 
the situation is quite different with respect to 


| the distribution of the same elements between 


different organs of the above-ground portion of 


‘wheat plants. A relatively large percentage of 


the trace of radioactive cesium is taken in by 
the reproductive organs and detected in the 


_| grain. This may be seen from the following com- 


parison: 

Cs137 Sp90  Zr95 Rylos 
I 0.20 0.07 0.10 0.04 
grain and the average activity ofthe II 0.21 0.03 0.06 0.04 
above-ground portion of the wheat 


. plant 


The difference between the ability of stron- 
tium and cesium to accumulate in the reproduc- 
tive organs of wheat appears to be very no- 
ticeable as early as the end of maximum stem 
development. The ratio between activity of the 
dry substance of the spikes and that of the 
leaves in this phase was 0.08 for Sr” and 0.7 for 
Cs. It must be noted, however, that in experi- 
ments with all four elements (Sr, Cs, Ru and 
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TABLE 3 
Distribution of Cs'87, Sr®°, Ru, and Zr9* in mature 
wheat plants as percentages of the total content 
of the isotope in the plant 


Ruthen- |Zirconium- 
ium-106 95 


Cesium- | Strontium- 
137 90 
Part of plant 


Grain 4.8) 5.9} 1.8) 1.0) 0.1] 0.2) 0.5) 0.4 
Chaff 12.4/13.3} 6.4) 6.7) 0.8) 1.2) 1.2) 1.0 
Leaves 27 .4/37 .0/43.6|45.7) 1.5) 4.9) 8.6] 3.6 
Stem 38 .4/34.2/41.0/40.2) 1.9) 4.9) 7.0) 7.6 
Roots 17.0} 9.6} 7.2) 6.4/95.7/88.8|82.7|87.4 


Note: 1. The plants were placed in the solution 
of radioisotope (at some time) during the entire 
growing period; 2. same, but only from the be- 
ginning of the phase of maximum stem develop- 
ment. 


Zr), the smallest content in all cases, both rela- 
tively and absolutely, was in the grain. This pe- 
culiarity of distribution in plants, that is, pre- 
ponderant accumulation im the vegetative organs 
and a smaller intake into the grain, is evidently 
a general characteristic of a majority of elements 
to which the fission products belong (8). This 
is supported by the fact that distribution of a 
type similar to that in experiments with wheat 
and other plants was observed in the overwhelm- 
ing majority of experiments done with nonsepa- 
rated mixtures of fission products. 

The relatively high capacity of cestum to move 
from the vegetative organs into the reproduc- 
tive organs accumulating in the seeds is also de- 
tected with foliar application of traces of cestum- 
137. In experiments where a cesium solution 
was applied to one of the leaves of sunflower or 
kidney bean, the activity moved at a fairly high 
rate into other, unprocessed leaves and signifi- 
cant activity was detected in the grain. The 
radioisotopes of strontium and ruthenium moved 
out of the leaf where it was applied to the 
other parts of the plant at a relatively far lower 
rate. This can be judged by the data given in 
Table 4. 

In Table 4 the radioisotope content in the un- 
treated portions of bean plants is expressed as 
the value of the ratio in percent of the activity 
per gram of dry substance of the respective or- 
gan to the activity of the total quantity applied 
to the treated leaf. This index of “specific ac- 
tivity” for strontium is tens and hundreds of 
times lower than for cesium and, as a rule, no- 
ticeably lower than for ruthenium. Similar data 
from the experiment with sunflower, given in 


222 


TABLE 4 


Content of radioisotopes Cs'37, Ru’, and Sr9° in 
different parts of bean plants three weeks after 
being applied to the third leaf; specific activity 
per gram of dry substance of the untreated por- 
tions of the plants expressed as a percentage of 
the total quantity applied to the third leaf 


Part of plant Cs187 Ruoe Sr? 

Leaves below treated leaf | 0.03 —_ 0.001 
Leaves above ee ee 1.05 | 0.056 | 0.004 
Main stem above treated 

leaf 0.65 | 0.037 | 0.003 
Beans of main stem 0.74 | 0.005 | 0.002 
Leaf of a shoot emerging 

from third (treated) leaf | 2.74 | 0.026 | 0.011 
Beans on this shoot 2.38 | 0.011 | 0.001 

TABLE 5 


Content of the radioactive isotopes Sr®° and Cs'87 in 
different parts of a mature sunflower plant; spe- 
cific activity per gram of dry substance of the 
untreated parts of the plant expressed as a percent 
of the total amount applied to the eighth leaf before 
the beginning of formation of the anthodiuwm 


Parts of plant Csl37 | Sr90 
Corolla 0.02 | 0.000 
Seed coat | 0.06 | 0.001 
Pulp of the anthodium 0.14 | 0.002 
Flowers 0.13 | 0.003 
Stem above the treated leaf 0.02 | 0.002 
Leaves above treated leaf (17th to 20th leaves) 0.14 | 0.008 
es Se fs “ (18th to 16th leaves) 0.17 | 0.003 
id a ee “* (9th to 12th leaves) 0.15 | 0.010 
* « below 7" “« (6th to 7th leaves) 0.13 | 0.056 
& « ee “ (1st to 5th leaves) 0.11 | 0.027 
Stem below treated leaf 0.01 | 0.002 


Table 5, also show the far smaller ability of 
strontium to translocate in plants with fohar ap- 
plication as compared to cesium. 

Thus, both with uptake from a water solution 
through the roots and with foliar application, 
traces of cesium appear to be the most mobile; 
this element is comparatively easy and is more 
or less evenly distributed among the various or- 
gans of the plant. The behavior of traces of 
strontium is much lke that of cesium, provided 
the uptake is from solution and via the roots. 
Strontium, like cesium, does not accumulate in 
the roots and penetrates with ease from the 
roots to the above-ground organs of the plant. 
However, under these conditions strontium is 
translocated from the vegetative to the repro- 
ductive organs of the plant in comparatively 
smaller amounts than is cesium. With foliar ap- 
plication of these elements. strontium proves to 
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be far less capable of translocation between on 
gans than cesium. The high mobility of trace 
of cesium in plants as compared to the mobilit: 
of other fission products is thus especially evi 
dent with foliar uptake. 


Uptake by Plants of Traces from the Soil 


The previous examples characterize the be 
havior of traces of strontium, cesium, ruthenium 
and zirconium in plants without the interference 
of processes taking place in the soil. Under natu: 
ral conditions, radioactive fission products car 
enter plants both through the leaves and throug! 
the roots. In the latter case the behavior of the 
respective elements in soils takes on substantia 
importance, 

Investigations made with undifferentiated mix- 
tures of fission products and with individua 
representatives of this group of substances 
showed that soils have*a clearly expressed ca- 
pacity for the sorption of these trace elements 
which surely must influence their uptake by, 
plants. Substantial importance is attached tc 
the tenacity with which sorbed elements are re- 
tained by the soil and to their capacity for de- 
sorption and translocation in the soil. Experi- 
ments with plants grown on soils show that 
under the influence of these factors there is a 
change in the order of the different elements 
ranked according to the relative rate of their up- 
take by plants and their accumulation in thd 
crop. : 

Table 6 shows the uptake of strontium, ce- 
sium, ruthenium and zirconium in wheat plants 
grown in pot experiments on soil containing 50 
pec. of radioactive isotopes of these elements per 
kg. of soil with uniform distribution throughout. 
The experiment was set up with a medium clay 
loam from the Moscow farm of the Timiryazey 
Agricultural Academy (adsorption capacity, 13.3 
me. per 100 g. of soil; hydrolytic acidity 2.6 me.; 
pH of salt extract, 5.8). 

In Table 6 the content of radioisotopes in the 
different parts of wheat plants is shown in thou- 
sands of impulses per minute per gram of dry 
substance. For comparison, similar data on the 
content of strontium, cesium, ruthenium and 
zirconium in wheat with uptake from an aque- 
ous solution at a concentration of 50 ye. per liter 
are also given. 

While cesium is the element accumulated in 
the largest quantities by plants grown on an 
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aqueous medium, with uptake from the soil an 
especially sharp decrease is observed in the 
amount of cesium arriving in the above-ground 
organs of the plant. Strontium is more conspicu- 
ous by the amount of its accumulation both in 
straw and in grain. Evidently, traces of stron- 
tium sorbed by the soil are less tenaciously held 
by it m the adsorbed condition than are traces 
of cesium. With respect to the distribution of 
strontium, cesium, ruthenium and zirconium 
among the different parts of the crop, the same 
distribution occurs both with an aqueous me- 
dium and with growth on soil: the smallest 
amount of radioisotopes of these elements is 
contained in the grain and the greatest amount 
in| the straw. In pot experiments with 50 yc. per 
keg. of soil it was not possible to detect any up- 
take of ruthenium or zirconium in the grain. A 


fivefold increase in the amount of zirconium in 
‘the soil with local application at depths of 5 
-and 15 em. was accompanied by some increase 
‘in the content of zirconium-95 in the straw and 


chaff and its appearance in relatively small 


amounts (as judged by radioactivity) in the 


grain. 
Differential uptake by plants of traces of the 


elements being studied was observed, depending 


on the properties of the soil. Uptake is influ- 
enced by the soil texture, calcium content, de- 
gree of cation saturation, and soil reaction. Lim- 


‘ing acid soil ean decrease the uptake by plants 


primarily of traces of radiostrontium. The ap- 
plication of fertilizers also affects the uptake of 
radiostrontium and other fission products. 

In pot experiments on acid clay Joam from the 
Moscow Agricultural Experiment Station of the 
Timiryazev Agricultural Academy (adsorption 
capacity 11.5 me. per 100 g. of soil; hydrolytic 
acidity 6.3 me.; pH of salt extract 4.8) a con- 
spicuous increase was observed in the uptake of 
traces of strontium and especially of cesium 
under the influence of a nitrogenous fertilizer. 


Potassium fertilizer, on the contrary, decreases 
the uptake of cesium and its accumulation both 


in the vegetative organs and in the grain. Tables 
7 and 8 illustrate this idea. The fertilizers in this 
experiment were applied as salts: NH,NO,, 
KCl, and Ca(H.PO.,). at the rate of 0.5 g. N, 
K.O and P.O; per pot, mixed with 3.5 kg. of soil. 
The amount of radioisotopes (Cs and Sr’) was 
250 wc. per pot. 

Table 7 shows that the application of potas- 
sium fertilizer in all cases decreased the Cs” 


TABLE 6 
Content of the radioactive isotopes C's137, Sr9°, Rus, 
and Zr®* in wheat plants with wptake from water 
culture and from soil (in thousands of counts per 
minute per gram of dry material) 


E 3 | ¢ 

2 \ hg 

fo leae, ag |e 

Ba | #4 | oa | fa 

na iS) 4 N 
Uptake from (Grain 0.10} 0.02} 0.00) 0.00 
soil Chaff 0.60} 0.10) 0.03) 0.01 
Straw 1.65} 0.28} 0.08} 0.04 
Uptake from {Grain 2.3 | 29.1 | 0.03) 0.02 
water Chaff 16.9 |143.6 | 1.00) 0.13 
solution Straw 54.1 |208.4 | 1.138} 0.36 

TABLE 7 


Effect of fertilizers on the content of Cs'37 in oats 
(in thousands of counts per minute per gram 
of dry material) 


Treatment 
Part of plant rv 
O K | N |NK| P| PK | PN z 
Leaves at stool- 
ing stage 0.8/0.2 |10.9]/1.7/0.9)0.1 | 9.2/1.9 
Leaves at stage 
of maximum 
stem develop- 
ment 1.5/0.3 |18.3)2.2)1.7/0.3 |13.2/1.2 
Mature plant: 
Grain 0.5|0.04) 3.0/0.6/0.3)0.01) 2.5)0.5 
Straw 3.5/0.3 | 6.9/0.9/1.110.2 | 5.5/1.2 
TABLE 8 


Effect of fertilizers on the Sr8° content of oats (in 
thousands of counts per minute per gram of 
dry material) 


Treatment 


Part of plant 


NP| K | NK} PK |NPK 


Leaves at stool- 
ing stage 

Leaves at stage 
of maximum 
stem develop- 


82. 2/137. 6)109.7|143.2)117.4)133.1/105.5/146.9 


83.8/122.9 


ment 77.9|188.2} 73.7|107.5| 74.9}111.2 
Mature plant: 

Grain 11.8) 9.7) 12.0) 8.5) 11.9) 8.6] 12.4) 9.1 

Straw 64.4/149.3] 86.6)157.8) 67.8)108.1] 76.2)133.3 


content of straw and of grain, while the appli- 
cation of nitrogenous fertilizer increased it. The 
uptake of Sr® changed less abruptly under the 
influence of fertilizers, but here, too, a tendency 
could be noted to increase the strontium content 
of the vegetative organs of oats under the action 
of nitrogenous fertilizer (Table 8). The content 
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TABLE 9 


Change in ratio between the content of Sr®° and Cs" 
in oat grain and straw under the action of 


fertilizers 
y 
a | | aw bd 
Zlalal/424|/ola|4] a 
Ratio eesal tek 2.3) 2.2) 1.5) 2.4! 7.0} 3.7] 7.5]20.0 


Cs}87 in grain 


90 7 
Ralib ee 15.4/18.6]12.5|15.6| 5.5] 7.2| 5.7] 6.1 


Sr®° in grain 


TaBLeE 10 


Content of Sr°° and Cs'*" in plants (in thousands of 
counts per minute per gram of dry material) 


Treatments®* 
Element and parts of harvest 
Con |(Cad) | Ca(2)| K(1) | K(2) 
Wheat 
Grain 24.5 | 11.7 | 8.3 | 14.6 | 14.2 
Suroatane oe ae 342 206 [132 207 {196 
aa ee 0.9| 0.3| 0.4] 0.05] 0.04 
ca Stray 2.2))|, 4.4) a7 Ors iors 
Peas 
' Grain 24.9 | 14.4] 7.7] 19.9 | 17.5 
Eeevaraes ae 825 |721 492 |851  |g28 
: Grain 2.0] 0.8] 0.6] 0.7] 0.2 
Conan ar ea 6.41 2:2] 1.6) 18) 07 


* The quantity of lime applied is shown as pro- 
portion of hydrolytic acidity (neutralized?) ; 
K(1) = 1 g. K20 per pot and K(2) = 1.9 g. K.0 
per pot. 


of strontium-90 in grain changed less under the 
action of fertilizers, while the differences in ce- 
sium content in grain (caused chiefly by the ac- 
tion of potassium fertilizer) were as great as 
those in the vegetative organs. 

The distribution of cesium and strontium be- 
tween the vegetative organs and the grain 
changed quite regularly under fertilizers. A com- 
parison of these elements in grain and straw and 
calculation of the ratio between their activity 
in these crops give a very clear picture. In all 
treatments, which included nitrogenous ferti- 
lizer, the ratio between the content of cesium in 
straw and grain were considerably lower than in 
treatments without nitrogen. However, the ra- 
tio between the content of Sr” in straw and 
grain under nitrogenous fertilizer changed in the 
opposite direction: it was two to three times 
higher in plants which had received nitrogenous 
fertilizer (Table 9). 
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Table 9 shows that the differences in distribu: 
tion of cesium and strontium between grain anc 
straw, when traces of these elements are taker 
up from the soil, is far more strongly expresse¢ 
with a normal supply of nitrogenous nutritior 
to the plants. With a shortage of nitrogen thes« 
differences level out and become less regular. 

On acid soils liming affects substantially the 
uptake of radiostrontium and certain other fis’ 
sion products. By increasing the content of cal) 
cium in the soil, liming decreases the ratio be 
tween strontium and calcium in the composition 
of the exchangeable cations and in the soil solu’ 
tion. However, the decrease in uptake of Sr*! 
under liming can hardly be attributed to this 
factor alone. In a number of experiments, liming 
the soil decreases the accumulation not only o7 
traces of strontium but also of certain other ele- 
ments which are not even analogs of calcium ir 
the periodic system. 

Experiments with whéat and peas on the same 
soil from the Moscow field experiment station 
of the Timiryazev Agricultural Academy are 
given in Table 10. These show that under liming 
there was a decrease in the uptake of Sr” and 
Cs. Furthermore, a comparison of the action 
of lime and potassium fertilizers made it possible 
to see the specific effects on these two elements. 
Liming exerted a stronger influence on the up- 
take of strontium; potassium had the same ef- 
fect on the uptake of cesium. 

Application of decomposed organic’ matte 
(humus), especially on coarse sandy, loam, de- 
creased the uptake of Sr and Cs’. This de- 
crease was greater for strontium than for ce- 
sium. The uptake of traces of ruthenium also, as 
a rule, decreased somewhat under enrichment 
by humus and liming. However, as a result of 
the generally small uptake of ruthenium (and! 
also of zirconium) via the roots and into the 
above-ground organs of plants, the action of 
these factors does not develop as clearly as for 
strontium. 


Sorption and Desorption in the Soil 


A general characteristic of the behavior of 
strontium, cesium, and zirconium, and evidently 
most of the elements found in fission products, 
is a high rate of adsorption of them by the 
solid phase of the soil. Of the elements consid-. 
ered here, ruthenium is distinguished by the! 
least complete sorption in soils. However, 
sharper differences in the behavior of these ele- 
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ments in soils appear in a comparison of their 
desorption capacities, that is, displacement from 
the adsorbed state into solutions of neutral salts. 

Table 11 shows the results of experiments with 
three types of soils: chernozem, podzolic soil, 
and krasnozem. Half-gram soil samples were 
treated with 10 ml. of radioactive solutions. 
Samples were carefully mixed, allowed to stand 
and completely clear. A sample was then taken 
for measurement of the activity. A 10 me. of 
CaCl. , KCl or NaNO, was added to the solu- 
tion, and after a second shaking and standing 
another sample was taken for measurement of 
the activity. The data show that zirconium and 
ruthenium are displaced hardly at all into the 
CaCl, solution, cesium is most strongly displaced 
‘into the KCl solution, while the desorption of 
cesium was maximal in experiments with kras- 
nozem and minimal in those with chernozem. 
This order is also retained when cesium is dis- 
placed by other salts. The displacement of stron- 
tium by calcium and sodium was complete in 
experiments with krasnozem; not quite as com- 

plete displacement of strontium was observed in 
experiments with podzolic soil and with cherno- 
zem if the displacement was carried out with 
sodium. 

Data in Table 10 agree with the hypothesis 
that the sorption of traces of strontium and ce- 
sium by soils takes place by means of lonic-ex- 
change adsorption. However, traces of adsorbed 
cesium are retained more tenaciously in the ad- 
sorbed state than are traces of strontium: evi- 
dently a part of the sorbed cesium is fixed in 
soils without exchange. The traces of zirconium 
and ruthenium adsorbed by the soil are in gen- 
eral incapable of being desorbed by the action 
of neutral salts. This is evidence of a mechanism 
of sorption of these elements by-soils which dif- 
fers from the ionic-exchange mechanism. 

Thus, considering their incapability of being 
desorbed, zirconium and ruthenium behave the 
same way In soils. However, they differ strongly 
in the completeness with which they are ad- 
sorbed from solution in the original interaction 
with the soil. Zirconium is more completely 
sorbed than ruthenium, but this difference is 
more conspicuous in experiments with podzolic 
soil and chernozem and levels out somewhat in 
experiments with krasnozem, which sorbs maxi- 
/ mal amounts of ruthenium. 

For a more detailed comparative characteriza- 
tion of the sorptive capacity of soils with respect 
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Tasip 11 
Adsorption of Sr9°, Os'87, Zr95, and Ru by soils, 
and desorption of adsorbed radioisotopes in 
neutral salt solutions 


Cher- |Podzol- 
nozem ic soil| Kras- 
(Voro- (Mos- | nozem 
nezh cow  |(Batumi) 
region) | region) 
Adsorption as Sr89 74.4 | 70.3 | 91.2 
per cent of pri 87.8 | 80.5 | 87.6 
content in C187 93.3 | 94.9 | 95.6 
original solu- | Zr®® 95.6 | 95.9 | 61.1 
tion Ruts 30.4 | 15.4 | 40.4 
De : (Sr89 100 97.4 | 100 
Cee ek ier 75.5 | 93.9 | 100 
Ba Wer Cs187 Siees | PO BPG 
percent of Ur9s 
ian aoubed r none 3.6 | none 
: {Ruts none | none} none 
Same, into Sreo 60.0 | 73.0 | 100 
NaNO; soln. C187 9) Hi, dizéaal 30.3 
Same, into KCl (Osi37 2058) 37-2, |) “8996 
. 8 
solution 


to traces of strontium, cesium and ruthenium, 
the following method was used. A series of soil 
samples of increasing weight were treated in 
centrifuge tubes with a definite volume of radio- 
active solution. After careful mixing of the soil 
with the solution they were centrifuged and a 
sample of the solution was removed for meas- 
urement of the radioactivity. The results are 
expressed as percentages of the activity of the 
original solution. In this way the so-called “ad- 
sorption curve” is found, showing the course of 
the change of the remaining activity of the so- 
lution with an increase in the mass of the sorbent 
(T) with a constant volume of solution (ZH), 
that is, with a change in the ratio T:ZH. The 
interval of this ratio is selected in such a man- 
ner that some part of the experimental points 
of the adsorption curve falls in a region in which 
the value of the residual activity is about 40 to 
60%. 4 

For each point on such an adsorption curve 
a calculation is made of the ratio (K) between 
the specific activity of the solid phase and that 
of the solution after sorption: 
os oN ie el (1) 


a m 


Kk 


in which z is the residual activity of the solution 
as a percentage of the original value; v is the 
volume of the solution; m is the weight of the 
sample of sorbent; and K is the coefficient char- 
acterizing the distribution of the trace compo- 


226 


Tassie 12 
Value of the coefficient K according to equation (1). 
Experiment with peat podzolic soil from the 
K. A. Timiryazev Agricultural Academy 


Value of K 
v (in ml.) m (in g.) 
Sr90 Cs187 
10 0.01 592 683 
10 0.02 664 1285 
10 0.03 673 1141 
10 0.04 532 1114 
10 0.05 529 1148 
10 0.07 500 1086 
10 0.09 483 1075 
10 0.10 551 1226 
Average 565 1095 
TABLE 13 


Average value of the coefficient K, calculated ac- 
cording to equation (1), for adsorption curves of 
traces of strontium, ruthenium, and cesium in 
experiments with different soils 


Value of K 
Soil sample 

Sr29 |Rulos| C5137 
: 1 1608 | 12 | 4655 
Chernozems 49 1182 | 12 | 3017 
Podzoli 869 | 10 | 2287 
ie i: 562 | 6 | 1810 
Chay Oa AS 565 | 8 | 1096 
Krasnozem 625 | 59 | 1192 


TasBLE 14 
Average values, calculated according to equation (1), 
of the coefficient K for adsorption curves of 
cesium 


Concentration of KCl 
Soil sample 

0 |001N]01N/05N 
Ghetorens 1 4655 | 1182 | 138 | 25 
2 3017 | 687 | 84 | 14 
> 1 2287 | 509 | 44 | 11 
Pete ee 1810 | 284| 34] 10 
y 3 1096 | 125] 16| 8 
Krasnozem 1192 Soba let 


nent between the sorbent and the solution. In 
many cases the values, calculated by equation 
(1), of the coefficient of distribution prove to 
be about the same over all or most of the ad- 
sorption curve. As an example let us take the 
data obtained in an experiment with podzolic 
clay loam from the Forestry Station of the 
Timiryazey Agricultural Academy of Moscow 
(Table 12). 
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The average value of the coefficient calculated — 


by equation (1) may serve as a quantitative in- | 


dex of the relative sorptive capacity of the soil | 
for this trace component when it is sorbed from — 
a solution of one composition or another. Table 
13 shows the average values of this coefficient 
calculated according to the adsorption curves of 
Sr®, Cs*’, and Ru’® for all the chernozem sam- 
ples, three podzolic sandy loams, and one kras- 
nozem. 

These data very clearly demonstrate the 
smaller sorbability of ruthentum as compared 
to strontium and cesium, and the greater sorba- 
bility of cesium as compared with strontium. 
These data show that krasnozem is distinguished | 
by a high sorptive capacity for ruthenium and ~ 
that its sorptive capacity for traces of strontium 
and cesium is about the same as that of podzolic 
clay loam. 

By using the adsorption curves and calculating 
the average value of the toefficient of distribu- 
tion (by equation 1) a quantitative characteri- 
zation may be given of the desorbing action of 
salts and of the effects of other factors on the — 
sorption of radioactive trace components of soils. 
This can be illustrated by experiments, the re- 
sults of which are shown in Table 14. This shows — 
a study made of the action of KCl on the sorp- — 
tion of traces of cesium. 7 

In a number of cases more or less regular 
changes are observed in the value of the co- 
efficient of distribution calculated according to 
equation (1), with a change in the ratio between 
the mass of the soil and the volume of the radio- 
active solution. These cases are especially typi- 


cal for conditions in which the original solution — 


contains not one trace component, but two or 
more which differ in their sorbability. The 
changes in the value of this coefficient may be 
attributed to other causes brought about by 
properties of the soil and by the composition of 
the original solution from which adsorption took 
place. An analysis of the influence of each may 
help to clarify the peculiarities characterizing 
the specificity of the reaction between traces of 
radioactive substances and the soils. 


Shifts in the Ratio Between Sr® and Y™ in 
Reactions with Soils and Uptake 
by Plants 


One of the specific peculiarities of radioactive 
fission products is the presence among them of 
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enetically related radioactive nuclides. If two 
uch nuclides belong to elements differing sharply 
n chemical properties, the possibility arises of 
yartial separation of mother and daughter nu- 
ides in the reaction with the soil and in the 
iptake by, and translocation in, plants. 

This question was investigated in the series 
Sr —> Y™. In experiments with soils the fol- 
owing method was used: Soil samples weighing 
).5 or 1 gram were treated in a centrifuge tube 
vith a solution containing Sr” + Y” in an equi- 
ibrium ratio. After centrifugation a sample of 
che solution was taken for measurement of the 
residual radioactivity. While the sorption experi- 
nent was taking place a sample was taken of 
the original solution, which served as a control. 
Measurement took place immediately after the 
samples were taken; they were then repeated 
during the next few days. To the test tube con- 
raining the soil and the radioactive solution, 
CaCl, was added until its concentration in the 
solution was 1.0 N. The soil was then mixed with 
the solution again, the mixture centrifuged, and 
1 sample taken for measurements of the radio- 
activity; these were also carried out repeatedly 
during the next ten days and longer. In some 
experiments the solution was poured off after 
desorption and soil samples were taken for re- 
peated measurements of the radioactivity dur- 
ing the next few days. 

No large shifts of the ratio between Sr” and 
Y” were observed on adsorption of these radio- 
isotopes by the soils; in a few experiments the 
direction of the shift was toward predominant 
absorption by the soils of the mother nuclide, 
but in others of the daughter nuclide. 

More regular and more clearly pronounced 
shifts in the ratio between Sr and Y" were 
noted in desorption from the soil: In one of the 
experiments measured with a counter, the radio- 
activity of the sample of solution obtained af- 
ter the displacement by calcium chloride of the 
Sr” sorbed on chernozem increased in two days 
from 7.4 X 10% to 10 x 10° counts per minute, 
and during the following seven days it rose fur- 
ther to 13.4 X 10° counts per minute. 

In another experiment with the same soil, the 
radioactivity of a similar sample increased in 
six days from 4.98 x 10° to 11.5 x 10° counts 
per minute. In an experiment with krasnozem 
the radioactivity of the sample of the solution 
after displacement by calcium chloride of sorbed 


Sr" increased in seven days from 1.26 x 10° to 
2.22 < 10° counts per minute. 

The residual radioactivity of the soil after the 
displacement from it of sorbed Sr” changed in 
the opposite direction. In an experiment with 
chernozem, the radioactivity measured by a 
counter in this soil ten days later decreased from 
33.7 X 10° to 8.5 & 10° counts per minute. These 
and similar data are evidence that when Sr® 
sorbed by the soil is displaced into a solution of 
a neutral salt, the daughter nuclide Y is dis- 
placed far less completely than the mother nu- 
clide Sr®. 

The fact that the mother nuclide Sr is easily 
displaced from the adsorbed state in soils as 
compared to the daughter nuclide Y®, and that 
Y™ is taken up-only with difficulty via the roots 
of plants results in the Y” being left behind by 
Sr when the mixture Sr” + Y” is absorbed by 
the roots of the plants. However, as the mother 
nuclide, strontium, accumulates in the plant tis- 
sues, reduction of the equilibrium ratio between 
Sr and Y” takes place at the expense of the 
decomposition of Y"”. For this reason when re- 
peated measurements are made of the radio- 
activity of samples taken from plants grown on 
soil containing Sr” and Y®, it is possible to con- 
firm only a small tendency to change in the 
amount of radioactivity with time. 

Considerably clearer results were obtained in 
our experiments in studying the translocation of 
the daughter nuclide, yttrium, and the maternal 
nuclide, strontium, in plants when Sr” was in- 
troduced into the plant through the leaves. Here 
an unexpected fact was detected: there was a 
higher rate of translocation of the daughter nu- 
clide yttrium in plant tissues. 

In an experiment with the sunflower, 0.2 me. 
of Sr” was applied in solution to the second pair 
of leaves to develop—when plants were in the 
beginning formation of the anthodium. On the 
third day samples were taken for the measure- 
ment of radioactivity of those parts of the plants 
which had taken up Sr® and Y” from the treated 
leaves. After 11 days the radioactivity measured 
in the samples of leaves from the top of the sun- 
flowers decreased to 14% of the activity meas- 
ured the day the samples were taken; with fur- 
ther measurements it decreased to 7%. Similar 
observations were made in other experiments 
with foliar introduction of Sr” and Y” into the 
plant through individual leaves. The decline in 
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radioactivity with repeated measurement of 
plant samples, especially those from young and 
growing tissues into which translocation of ra- 
dioisotopes took place from the treated leaves, 
showed the relatively quicker uptake in them of 
the daughter nuclide, yttrium. 

In experiments with grafted plants, radio- 
strontium was originally introduced through the 
roots of tomato plants which were then used as 
cions; the grafting took place on stocks not 
containing radioisotopes. After the cion had 
grown firm, samples were taken at definite in- 
tervals of different parts of the cion and stock 
and repeated measurements of the radioactivity 
of these samples were made. In one of such ex- 
periments after seven days the radioactivity 
measured in the leaves of the stock decreased to 
30 to 40% of that measured immediately after 
the samples were taken. With this method, 
therefore, it was also possible to make an ex- 
tremely clear observation of the relatively 
greater mobility in plants of traces of the daugh- 
ter nuclide, yttrium, as compared to the mother 
nuclide, strontium, when there is no uptake 
through the roots and translocation takes place 
from one organ to another above the ground. 

The principal cause of the difference in be- 
havior in plants of traces of Sr’ and Y” is the 
difference in the chemical groups to which they 
belong. In addition, consideration must be given 
to a specific circumstance caused by the radio- 
chemical properties of such a system as Sr + 
vee 

When strontium and yttrium are taken up 
from an external medium containing Sr” and Y* 
in an equilibrium ratio and, passing through the 
roots, are translocated via the vascular system, 
a certain number of atoms of the daughter nu- 
clide, yttrium, penetrate into the above-ground 
organs. These were formed in the external solu- 
tion. But with time these atoms of yttrium de- 
compose and in proportion to the uptake of Sr® 
by the plant a new quantity of Y® is formed in 
the tissues at the expense of the decomposition 
of the mother nuclide, strontium, which the 
plant took up. It can be assumed that the be- 
havior of traces of Y° which are continuously 
being formed by the decomposition of Sr® in 
the plant tissues will be somewhat different from 
the behavior of atoms of yttrium taken up by 
the plant “in already prepared form” from the 
external medium. Localization of the source of 
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the Y® formed in the plant tissues will be related | 
to the characteristics of the distribution in them 
of the mother nuclide, strontium, and conse- 
quently caused by the chemical properties of 
strontium and not by the chemical properties of | 
yttrium. When they are formed from the decom- | 
position of the mother nuclide Sr”, the atoms of 
Y” are excited at the expense of the energy 
emitted and this in turn is capable of influencing © 
the eventual fate of that part of the Y° atoms 
formed in the tissues when the mother nuclide, — 
strontium, decomposes. It is possible that these 
factors are shown to some degree by increased 
mobility of the daughter nuclide, yttrium, in its” 
translocation within the plant. “i 


Conclusions 


The processes of sorption and desorption in } 
soils and the uptake by plants and distribution | 
in them of traces of cesium, ruthenium, and zir- | 
conium were investigated. in experiments using 
radioactive isotopes of these elements. 3 

When plants are grown in water culture, they 
take up cesium and strontium at a higher rate — 
and ruthenium and zirconium at a considerably | 
lower rate. In this process the ruthenium and 
zirconium are retained preponderantly in the ~ 
root system, while strontium and cesium pass to _ 
the above-ground organs, accumulating princi- | 
pally in the vegetative organs with relatively — 
small quantities in the reproductive organs. 

Investigations of the distribution of traces of © 
the same elements when introduced ‘into the | 
plant through the leaves showed that cesium had © 
the best ability to translocate from the treated | 
leaves into other parts of the plant and to ac- | 
cumulate in the reproductive organs. 

The processes of sorption and desorption of ° 
cesium and strontium in soils affected the up- 
take from the soil of radioactive isotopes of | 
these elements by plants. 

Although, in a water culture, cestum-137 and_ 
strontium-90 are members of the group of fission 
products taken up most rapidly by plants (as 
distinguished from elements such as zirconium 
and ruthenium which are taken up in relatively 
small quantities into the above-ground organs 
of plants), when a comparison is made of the 
uptake by plants of traces of the same elements 
from the soil, cesium is transferred to the group 
of relatively immobile elements, traces of which 
are taken up by plants from the soil in consid- 


BEHAVIOR OF STRONTIUM, CESIUM, RUTHENIUM, ZIRCONIUM 


erably smaller quantities than are traces of 
strontium. 

Traces of strontium and cesium are sorbed by 
soils, in general, by ionic-exchange adsorption. 
However, while strontium retains practically all 
of its capacity to be displaced into the solution 
by reaction with neutral salts, traces of cesium 
are more tenaciously retained im the adsorbed 
state and so are not fully displaced into the solu- 
tion by a neutral salt. Evidently some part of 
the traces of cesium adsorbed by the soil is 
fixed in non-exchangeable form, which may be 
one of the causes for the considerably smaller 
quantity of it taken up by plants from the soil 
as compared to the uptake of it from a water 
medium. 

Traces of ruthenium are, as a rule, adsorbed 
at a lower rate by soils than are traces of stron- 
tium, cesium and zirconium, but, once having 
been sorbed by the soil, ruthenium, like zir- 
conium, is not displaced from the adsorbed state 
by neutral salts. However, the importance of the 
soil sorption processes is shown to a lesser de- 
gree on the uptake of ruthenium and zirconium 
by plants than it is on that of cesium, since in 
water culture ruthenium and zirconium are dis- 
tinguished by their low ability to translocate 
from the root system into the organs above- 
ground. 

The fact that strontium is adsorbed by soils 
by means of ionic exchange and that it is easily 
desorbed account for the possibility of the rela- 
tively high rate of uptake of radioactive stron- 
tium from the soil into the plant. Applying fer- 
tilizers to the soil and liming acid soil both affect 
the uptake of strontium and cesium by plants. 
Liming strongly decreases the uptake of stron- 
tium. The application of potassium fertilizer de- 
creases the uptake of cesium. 

In the processes of sorption and desorption in 
soils of radioactive elements representing two 
genetically related radioactive nuclides (such 
as strontium-90 and yttrium-90), there is a dis- 
turbance of the equilibrium ratio between the 
mother and daughter isotopes. This disturbance 
of the equilibrium ratio between the mother 
strontium-90 and the daughter yttrium-90 is 
also observed when they are taken up by plants, 
and particularly seen when they are translocated 
from one organ of a plant to another. With foliar 
application of strontium-90 the daughter nuclide 
yttrium-90, formed in the leaf tissue, is trans- 


229 


located to young, growing tissue faster than the 
mother nuclide strontium. A similar phenom- 
enon is confirmed in experiments with grafted 
plants where observations were made on trans- 
location of Sr® + Y when traces of radiostron- 
tium were introduced before grafting through 
the roots of one component of the grafted plant. 

Received November 25, 1957 
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SECRETION OF LABELLED PHOSPHORUS AND CALCIUM 
FROM THE ROOTS INTO THE SOIL IN ROOT-FED PLANTS 


D. V. Fedorovskii, V. V. Dokuchayev Soil Institute, Academy of Sciences, USSR 


ome interesting reports have been published 
S in recent years that refine our conception of 
‘he processes by which nutrient elements are ab- 
sorbed by plant roots. First, the overwhelming 
svidence led to a rejection of the Donnan equa- 
jion as an explanation of principles governing 
the intake of substances by root cells. It later 
yecame:evident that the very conception of the 
iving cell as an equilibrium system is incorrect 
ind that the absorption of ions by the cell is in- 
separably linked with metabolism and energy 
t3). 

The nutrition of plants involves two opposing 
processes: the intake of nutrients into the roots 
ind the secretion of these substances by the 
roots into the soil. 

In experiments using water and sand culture 
Akhromeiko (1) noted the periodic excretion 
ind absorption of substances by roots both in 
the course of a single day and during the grow- 
ng period. Legumes and mustard plants differed 
from cereals by increased secretion of P.O;. Up 
to 35% of the P.O; content of the whole plant 
was secreted. 

Sokolov, using a radioactive isotope of phos- 
phorus in a soil medium, demonstrated the possi- 
bility of secretion of phosphorus by the roots of 
plants and its absorption by the roots of other 
plants. However, it was not enough to assure the 
nutrition of other plants because the amount se- 
ereted was small (4). 

On the basis of two experiments with isolated 
plants, Tikhonova (6) has concluded that roots 
do secrete potassium back into the nutrient me- 
dium, but that the amount released is small. 

In a number of cases Kanivets (2) found en- 
richment of the rhizosphere by nutrient ele- 
ments. He explained this by: 1) the intensity of 
biological activity in the rhizosphere and 2) the 
outflow of nutrients from plants and acceleration 
of the process of root mortality and decomposi- 
tion during the period of maturation. 

Sukhareva (5) showed that translocation of a 
radioactive isotope of calcium through the tis- 


sues of a plant may be accompanied by its se- 
cretion by the roots and transfer from one part 
of the container to another. In one experiment 
the amount of calcium excreted into the soil 
proved to be 20 times as large as the amount 
retained in the roots. 

Kheifets (8) applied a solution of labelled 
phosphorus to the leaves of plants and found 
quick distribution throughout the entire plant 
and its secretion into the soil adjoining the roots. 
This secretion changed with time and varied 
with the phase of the plant’s development and 
its species. 


Procedure 

We were interested in the amount of sub- 
stances secreted into the soil with “normal” root 
feeding. Data are given below from greenhouse 
experiments in 1955 and 1956 where a study was 
made of the secretion of phosphorus by the 
root system. The root systems of plants were 
divided equally into two separate sections of soil 
from which the roots were simultaneously nour- 
ished. A NPK fertilizer was applied to one of 
the containers and NPK, plus radioactive phos- 
phorus to the other. At the end of the experi- 
ment, the soil in the container to which the ra- 
dioactive phosphorus had not been applied was 
analyzed and the presence of the tracer was al- 
ways detected. This can be explained only by 
secretion. 

Up to the present time in experiments with 
isolated soil nutrition we have not been able to 
calculate the amount ‘of water lost from each 
side of the container. Incidentally, in experi- 
ments with soils differing widely in hydrologic 
properties and osmotic pressure of the soil solu- 
tion, the expenditure of water by the plant from 
the different sides of the container was quite dif- 
ferent. For these experiments we used a new 
type of container (7). It had a long rectangular 
shape; in the middle of the container, within a 
hollow partition dividing it into two equal sec- 
tions, was fastened the shaft of the container. 
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When the plants were watered, the container 
was suspended by the shaft and became in effect 
the beam of a simple balance by virtue of which 
it was possible to calculate the expenditure of 
water from each half of the container and main- 
tain a given moisture level in each section of soil. 
In all the experiments five corn plants were 
grown in each container, which held about 2 kg. 
of soil in the two sections. The experiments were 
replicated three times. 

From both sections of all containers in this 
experiment, two soil samples were taken for the 
determination of radioactivity. In the experi- 
ments with labelled phosphorus radioactivity 
was determined in 2 g. of soil and 0.2 g. of plant 
material by means of a counter with aluminum 
walls. 

In the experiments with two elements, samples 
of 1 g. of soil or the ashes of 2 g. of plant ma- 
rer were spread in a thin layer on the bottom 
of a standard glass beaker and the determination 
was carried out on an end-window counter, at 
first directly and then through a 0.16 mm. alu- 
minum shield. It was determined that such a 
shield, by absorbing radiation, decreased the 
measured activity of Ca* by 99% and that of 
P” by 30%, which made it possible to calculate 
the amount of each of the two labelled elements 
in the sample. Compensation for self-absorption 
by the mass of the sample was calculated by 
two methods: by decrease in the measurable 
amount of activity of a radioactive substance 
when mixed with samples of soil or plant ma- 
terial; and by the curve of the change in radio- 
activity when the weight of the radioactive ma- 
terial was increased. The Ca* content of the 
samples was also checked by the residual radio- 
activity of the samples after prolonged storage 
and almost complete decomposition of the P* 
in these samples. The natural radioactivity of 
the soil was caleulated by determining the back- 
ground count under identical conditions of a 
sample of soil from a container in which radio- 
active substances had not been applied. 

The 1955 experiments were done with a thick 
chernozem from the Kursk Central-Chernozem 
National Reservation. One hundred and seventy 
mg. of P.O; were applied per kilogram of soil. 
In one section of each container the phosphate 
had a radioactive tracer consisting of 43 ye. of 
P* per container at the beginning of the experi- 
ment. The plants were harvested at 19, 33 and 
47 days following planting. When the plants were 
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collected, soil samples were taken at all depths. 
in the container with a drill; the roots were re- 
moved from the soil and, after drying, the quan- } 
tity of labelled phosphorus was determined. 
Because of the plants there was a redistribution } 
of the labelled phosphorus that had been applied : 
with the fertilizer to one section of the soil. 
(Table 1). 


Results 


Table 1 shows that the amount of labelled 
phosphorus detected in the “clean” soil (in the 
section of soil to which labelled phosphorus had - 
not been applied) was not large (2 to 4 mg.), ” 
but was two to five times as great as the amount | 
of labelled phosphorus in the roots of this soil. - 
The amount of phosphorus secreted differed ap- | 
preciably according to the time when the de- 
termination was made: under young plants it 
reached 4 mg. or a quarter of the content in the. 
plants; but at later periods under the quickly-_ 
growing plants the quantity of labelled phos- 
phorus again decreased, not exceeding 2.6 mg. | 
or 1/10 to 1/15 of the content. 

Treatments of the experiment differed accord- 
ing to the osmotic pressure of the soil solution | 
(1, 5 and 9 atmospheres in the half of the con- 
tainer with labelled phosphorus). The amount | 


tion of labelled eee in the other ico 
tainer. ; 4 

We assumed that when enough phosphorus 
was supplied to the plant, the amount of phos- | 
phate secreted by the root would depend on | 
the rate with which it was fixed by the soil. In — 
the second experiment a comparison was made ~ 
between the secretion of labelled phosphorus into 
chernozem and into krasnozem which actively — 
fixes phosphates. The labelled phosphorus en- | 
tered the plant through a part of the root sys- 
tem from chernozem where 170 mg. of P.O; was 
applied with a label of 13 ye. at the time when 
the plants were planted in the container. In the | 
other half of the container 170 mg. of phos- — 
phorus without a radioactive label was applied 
to krasnozem (first treatment) or chernozem 
(second treatment). The krasnozem received 
0.9 grams per kilogram of CaCO, . 

The experiment did not confirm our assump- 
tion that, other conditions being equal in both 
experiments, the secretion of labelled phosphorus 
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TABLE 1 


Distribution of labelled phosphorus in isolated sections of chernozem 
and corn plants (in milligrams of P20; per container) 


In soil In plants 
Treatments Tene pomipls Reais. noes Roots Total found 
Without P% With P| ground St from 
part no, P32 soil P82 
For all treatments Begin. of 
expt. (Oe 170 0 0 0 = 
19 days ond 158 122 0.7 2.0 176 
First So) ee 2.2 139 22.5 122 3.4 168 
Alene 2.6 121 26.6 PAs) 6.3 158 
19=_ 3.0 158 12-2 0.7 2.0 176 
Second Be not detd. 146 13.6 1.0 2.8 166 
Ah weee 2.6 ieil 24.2 Dek 5.0 164 
‘ Oy 38° sieht 158 ie2yay) Oye 2.0 176 
Third Somme. 1.9 153 16.3 1.0 2.6 175 
47st 2.6 142 20.3 1.8 3.3 169 
Index of accuracy of detn. of 
labelled phosphorus + Pn 
% 30 5 6 9 6 — 


a We do not show the data on absorption of phosphorus from another portion of the soil which had 
also been treated with 170 mg. of P2O; without radioactive tracer, since it is not significant for the ques- 
tion under discussion. The table shows the averages for the treatments; each experiment was done in 
three containers, and two soil samples were taken for analysis from each container. 


TABLE 2 


Distribution of labelled phosphorus in isolated sections of different soils and in corn plants 
after 26 days growth of the corn (in milligrams of P205 per container) 


In soil In plants 
Total 
Treatments 
Above- found 
pont ps2 P32" applied ground Rare Oe Raots eon 
First Krasnozem non ‘ 44.3 2.5 5.0 144 
‘ 0.9 
Second Chernozem Chernozem 49.3 1.6 Bt 160 
2.1 102.2 
Standard deviation of 3 
the determination + m +0.14 +1.9 +1.34 +0.86 +0.62 — 
Index of accuracy +P, % +8 2 +3 +40 +14 


« To this part of the container 170 mg. of P.O; and a labelled radioisotope was applied, while 170 mg. 
of P.O; without a radioactive tracer was applied to the other part of the container. Data on total phos- 


phorus uptake are not given here. 


into krasnozem should take place at a higher 
rate (Table 2). In this experiment a somewhat 
greater secretion of phosphorus was detected in 
the chernozem than in the krasnozem. This is 
evidently related to a weakening of the develop- 
ment of the roots in the krasnozem (in which 
they weighed 2.2 g. as opposed to 2.8 g. in the 
chernozem). 

The quantity of labelled phosphorus found in 
the soil was as large as in the preceding experi- 
ment, although the method of taking soil samples 
was different. All the soil in the container was 


carefully mixed, the roots were removed and a 
small amount of an average sample was taken. 
This sample was then freed of all rootlets visible 
under a magnifying glass, and not until then was 
it used for analysis. 

The third experiment was carried out with 
sierozem and chernozem. We considered at the 
same time the translocation of two nutritive ele- 
ments with radioactive tracers, phosphorus and 
caletum, applied together to the soil in one half 
of the container. The quantities of nutrients used 
were the same as in the preceding one; the radio- 
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TABLE 3 
Distribution of labelled phosphorus and calcium in separate sections of the soil and in corn 
plants (P® in milligrams of P:O; and Ca** in counts X 108 per container) 
In soil In plants 
Treatment ’ ee ; ie f il Roots f Total found 
_ Without [rested wim | Above; [Roots fom sol!) Rec fm 
part ps2 + Cass P32 + Cass 
Applied 
p2 0 170 _— — — Not detd. 
Ca*® 0 96 — — — 96 
Found 
Treatment 1 sierozem chernozem — sierozem chernozem — 
Pp : 108 32.7 1.4 ; 153 
Cats 0.7 95.6 6.3 0.05 _ kee 104 
Treatment 2 chernozem | sierozem chernozem | sierozem 
32 : 97 36.1 2.2 4.5 142 
Ca4s 2.7 92.5 9.4 0.14 _ 1.86 106 
Treatment 3 sierozem sierozem sierozem sierozem 
p32 ‘ 106 31.8 1.6 4.8 148 
Ca*® 2.8 91.9 8.9 0.14 2.11 105 
Treatment 4 chernozem | chernozem chernozem | chernozem 
px : 103 31.2 Dee 4.9 149 
Cat® (0) (71) 7.5 0.08 0.8 
Index of accuracy of 
expt. +P, % 
for P2 +32% +6% +5% +15% +8% — 
for Cats +40% +5% +14% +33% 47% = 


active label at the beginning of the experiment 
was 13 ye. of P* and 41.6 yc. of Ca*. Growth of 
the plants in these treatments was equal and 
when harvested on the 56th day the weight of 
each did not differ by more than +6%. The in- 
take of labelled phosphorus by the plants from 
chernozem and sierozem also proceeded in like 
manner (Table 3). 

The translocation of phosphorus took place 
easily, as shown by the comparative percentage 
content of P” in the above-ground parts and 
roots in the soil with labelled fertilizer. In the 
soil to which the labeled phosphorus had not 
been applied the roots contained two to three 
times less labeled phosphorus than the other 
parts of the plant. This may be due, among 
other causes, to the flow from the roots to the 
soul (Table 4). 

Regardless of this, the secretion of P® was 
twice as great in those cases where the labelled 
phosphorus was taken up from chernozem 
(treatments 1 and 4), and less secretion if the 
sierozem was its source. Properties of the soil, 
in which secretion took place, seemed not to be 
reflected in the amount of secreted phosphorus. 

Unlike phosphorus, the accumulation of” la- 


belled calcium in the plants differed noticeably: . 
50% more radioactive calcium was taken up from — 
sierozem than from chernozem. Plants which — 
had taken up labelled calcium from the siero- 
zem had a greater amount of Ca** in the above- 
ground parts and in the roots (treatments 2 and — 
3, Table 4). 

The translocation of Ca* took place at a lower 
rate than did the translocation of phosphorus. — 
An especially small amount of calcium moved — 
into the other portion of the roots located inthe ~ 
soil to which labelled fertilizer had not been ap- 
plied. In these roots the Ca* content per unit 
weight was 10 to 15 times smaller than in the | 
rest of the plant. The secretion of Ca“ does not — 
depend on the kind of soil it is secreted into, — 
but on its concentration in the plant, that is, on — 
its absorption by the plant or on the properties 
of the soil from which the element enters the 
plant. 

The fact that phosphorus is taken up at the — 
same rate from sierozem and from chernozem 
while calctum is taken up at sharply different 
rates is probably explained by the rate of ex- 
change of these elements in the soil. The phos- 
phorus compounds applied to the sierozem and 
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TABLE 4 
Weight of plants and their radioactive isotope content 


RUCrentiOn nlantstnterars Radioactivity of 2.0 g. sample | Radioactivity of 2.0 g. sample 
in counts per minute for Ca*® in counts per minute for P22 
Treatment Roots in . Roots Roots Root Root: 
Above- soil Laide ae Above- |from soil} from soil | Above- | from coil ben od 
ground | fertilized mea aoe Total ground |fertilized| without | ground | fertilized | without 
part with P32 isotopes part with P38 radio- part with Ps radio- 
+ Cass + Ca‘ | isotopes + Cats | isotopes 
Chernozem _ siero- 
_zem P®? Ca‘? 40.3 haz 5.4 52.9 | 330 290 20 61 56 20 
Sierozem  cherno- 
_zem. ipee Ca‘ 39.3 5.6 5.1 50.0 500 617 61 69 60 32 
Sierozem sierozem 
Pe? Cats 37.0| 6.4] 5.8 | 49.1] 497 | 696 49 65 56 21 
Chernozem cherno- 
zem P% Ca‘ 42.3 6.5 6.5 65.4 | 372 253 20 55 yi 27 
Index of accuracy + 
RB, % 4% | 48% | 12% | — | 414% | 46% | 485% | 48% | 411% | 427% 


Note. The corresponding quantity of the nonradioactive isotopes of phosphorus and calcium was 
applied to the soil in the other half of the container. 


chernozem did not change into slightly soluble 
state; the exchange of the applied phosphorus 
for the slightly soluble soil phosphates took 
place only to a slight degree. The uptake of la- 
belled phosphorus during the experiment took 
place from the readily soluble compounds which 
were identical in these two soils. 

The Ca* applied to the soil labelled the dif- 
ferent quantities of exchangeable calcium (the 
amount of exchangeable calectum and the ad- 
sorption capacity of chernozem is four to five 
times that of sierozem). For this reason the spe- 
cific radioactivity of the exchangeable calcium 
in the sierozem should have been higher: for 
every gram of Ca there should have been a larger 
number of impulses from the labelled Ca®. Under 
these conditions the uniform uptake of calcium 
by the plants should have been recorded dif- 
ferently—with less radioactivity for chernozem 
and more for sierozem. The total CaCO, content 
in sierozem was higher than in chernozem, but 
this calcium evidently did not take part in the 
isotopic exchange. 

How reliable are the data obtained? Determi- 
nations of the radioactive elements in the above- 
ground parts of the plant and in soils “fertilized” 
by radioisotopes were made in all experiments 
with an accuracy of about 5%; in the roots the 
aecuracy was less. When the amount of radio- 
activity applied to the soil was small, the radio- 
activity of the soil in the other half of the con- 
tainer which appeared as a result of secretion by 
the roots was of course small, and the accuracy 
of these determinations was less (+30 to 40%). 


Conclusions 


1. Secretion into the soil of radioactive phos- 
phorus and calcium, which had been taken up 
by plants through isolated strands of roots from 
soil fertilized with labelled fertilizer, was found 
in all experiments. 

2. The amount of labelled phosphorus secreted 
from the roots in experiments with young corn 
plants was 2 to 7 mg. of P.O; (from 4 to 25% 
of the content of labeled phosphorus in the 
plants). The total amount of phosphorus se- 
creted into the soil exceeded its content in the 
roots, but the radioactivity per gram of the roots 
was 20 to 30 times as high as the radioactivity 
per gram of soil. 

3. Phosphorus secretion from roots to soil was 
influenced by its content in the plant and the 
age of the plant as well as by certain soil con- 
ditions determining the uptake of this element. 

Increased osmotic pressure of the soil solution, 
which sharply decreased the uptake of water 
from the soil, was reflected only weakly on the 
uptake of phosphates and caused no change at 
all in the secretion of P.O; into the soil. Ap- 
proximately equal quantities of labelled phos- 
phorus were taken up by plants from chernozem 
and sierozem. The secretion of phosphorus taken 
up from chernozem proved to be somewhat 
greater than that taken up from sierozem. 

4. The amount of phosphorus secreted from 
the roots did not depend on the properties of 
the soil into which the secretion took place. 

5. The secretion of the labelled calerum of the 
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roots, like that of phosphorus, did not depend 
on the properties of the soil into which it was 
secreted, but it did depend on the amount of 
this element in the plant and on the properties 
of the soil from which the labelled caletum was 
taken up. 

6. The uptake of Ca* by plants and its ac- 
cumulation in them depended to a greater de- 
gree than did phosphorus on the properties of 
the soil: more Ca* was taken up from sierozem 
than from chernozem. Its translocation from one 
part of the root system to another took place 
less extensively than did that of phosphorus. 

Received May 10, 1957 
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I. V. Zaboyeva, Komi Branch, Division of Soil Science, Academy of Sciences, USSR 


OIL cover research in the upper Vychegda 

S river basin was organized in 1947 and 1948 
by the Soil Section, Komi Branch, of the Acad- 
emy of Sciences, USSR. Administratively this 
area constitutes the northern half of the Pomoz- 
dinskii district of the Komi Autonomous Soviet 
Socialist Republic. Field examinations were made 
by I. V. Zaboyeva and D. M. Rubtsov, and work 
was carried out under the direction of Professor 
E. N. Ivanova. 
_ This region is in the moderate-to-cold climate 
zone; the mean annual temperature is —0.2° 
and the growing season is about 130 days (1). 
Hot weather, when it occurs, is not persistent 
and there are often frosts in June. The mean 
annual precipitation is 500 to 520 mm., of which 
300 mm. falls in warm weather. Relative hu- 
midity of the air is usually above 60% and soil 
water balance is always positive. 

The relief is typically eroded. In the northern 
and eastern area are the basins of the upper 
Kenzhan and Lesnaya Chir rivers, the middle 
reaches of the Cher-Vychegodskaya, and the 
upper part of the Vychegda and the Vychegdo- 
Pechorskii watershed. These have the greatest 
elevation (absolute altitude, 200 to 300 meters). 
The slanting surface is full of hillocks which are 
dissected by a system of small streams and hol- 
lows. Only the central parts of the broadest 
watersheds have not been eroded: These have 
flat plains without noticeable fluctuations in ele- 
vation. The drainage belt of the rivers is 2 to 3 
km. wide. The remaining surface of the water- 
sheds is bog. In the entire southern part of the 
area the maximum altitude of the hillocks is 
200 meters. Gradual surface depression occurs 
toward the south. 

This is the area of the eastern terminal spurs 
of the Southern Timan Range. Native rocks in 
the northern part are Carboniferous and Devon- 
ian limestones. The entire southern part is com- 
posed of Permian deposits, represented by vari- 
ous limestones with local outcroppings of 
gypsum (13). The parent material consists solely 
of Quaternary deposits of glacial origin. In the 
higher northern part silty clay loams are dis- 
tributed. The southern part is composed of 


heterogeneous alluviums—sands, sandy loams 
and various groups with two constituents. 

The silty clay loams (both covering and lo- 
essial types), underlain by morainal clay loam, 
have a characteristic (pale) yellow-brown color. 
On the watersheds it is seldom thicker than 1.5 
to 2m. The sandy clay loams contain no coarse 
deposits but have up to 50% of particles larger 
than silt (the fraction 0.05 to 0.01 mm.). They 
have a fairly high adsorption capacity: total 
exchangeable cations amount to 17 to 26 me. per 
100 g. of soil. 

The explored area is in the central part of 
the taiga where spruce forests predominate with 
an admixture of fir, cedar, or, less often, decidu- 
ous trees. Spruce is exceeded by pine only on 
deep sands and on strongly waterlogged tracts 
of upland bogs where the peat is thicker than 60 
cm. 

The most complete investigations were made 
of gley-podzolic soils, which are not typical of 
the central taiga. These soils were first charac- 
terized by Ivanova (10, 11) from the examina- 
tions along the Pechora railroad (3, 4, 14). Gley- 
podzolic soils of the northern taiga and the 
forest-tundra have the following characteristics: 
1) gleyed upper horizons—chiefly the podzolic, 
A, ; 2) humus washed along the entire profile, 
and the absence of a humic-illuvial horizon; 3) 
weaker development of podzolization in com- 
parison with the podzolic soils developing further 
south; and, finally, 4) weak accumulation of 
plant residues, related to the failure of the turf 
horizon (A,) to exceed 5 cm. in thickness. These 
soils were encountered on fine-textured silted 
clay loams in well-drained localities. 

In the northern part of the central taiga sub- 
zone, gley-podzolic soils are less gleyed and have 
a thicker underlying deep humus horizon (7 to 
10 cm.). They develop in belts along rivers, on 
slopes of watershed hills, and on narrow inter- 
fluves. 

To characterize gley-podzolic soils we will give 
a description of section 185-3 (taken from a 
pomt at 62° 34’ N., 55° 25’ H.): 

Located on a southwestern slope (about 2°) 
leading to a small stream; elevation 230 m.; 
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microrelief formed from deadwood of different 
ages overgrown with moss, flattened into mounds 
10 to 15 em. high. Forest: Site Class III, spruce 
with individual birch and cedar; undergrowth 
of fir, particularly in the form of “fir flooring.” 
IHypnum predominates on the immediate soil 
surface. Polytrichum is scattered in small spots 
and diffused; of the bushy plants there are blue- 
berries Vaccinium vitis idaea L. and V. myr- 
tillus 1., and linnaea and cowwheat as indi- 
viduals." 


A,, 0 to 8 em. Poorly decomposed moist dark- 

brown litter. 

‘A,', 8 to 9 em. Brownish-gray layer representing 
the lower part of the litter mixed with mineral 
particles; pierced by the rhizoids of mosses; 
not seen in all sections. 

A.g, 9 to 15,em. Medium silty clay loam, dark 
bluish-white with diffuse rusty or corroded 
spots; structure indistinctly expressed, but 
flaky. Many orstein concretions. 

B, , 15 to 41 em. Medium silty clay loam, brown; 
at the margin adjoining A.g, a discontinuous 
rusty-brown layer. In the upper part of the 
horizon dark bluish-brown spots; orstei con- 
cretions; structure lumpy and flaky; porous; 
transition to following horizon gradual. 

B., 41 to 70 em. Fine silty clay loam, reddish- 
brown with a clearly nutty structure; porous, 
dense; transition to following horizon gradual. 

BC, 70 to 110 em. Fine silty clay loam, reddish- 
brown, dense; structure definite, large-nutty 
(angular-lumpy); indistinet sprinkling of sil- 
ica; porous; transition to following horizon 
gradual. 

C, from 110 em. Fine silty clay loam, brown, less 
dense, porous, very cohesive fused-flaky struc- 
ture; (slight admixture); some rusty-brown 
spots; depth of section 155 em. 


The texture of the soils investigated is shown 
in Table The figures show that these soils 
have developed on a homogeneous parent ma- 
terial—fine silty clay loam. In the process of 
development from a podzolic horizon about 40 
to 50% of the clay particles have been decom- 
posed. There is no horizon in which clay accumu- 
lates down to the examined depth of 150 em. 


"An extremely small proportion of grassy plants 
on the soil surface is a characteristic peculiarity of 
the central taiga. Soil formation takes place here 
in an almost complete absence of peat formation. 
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For the purpose of mineralogical analysis, the 
0.1 to 0.01 mm. fraction was divided imto other 
fractions of differing specific gravity. Its main 
portion is composed of minerals with a specific 
gravity of 2.44 to 2.75 (Table 2). 

The preponderant minerals in the profile are | 
quartz and feldspars, with small quantities of | 
micas and chlorite. The heavy fraction includes 
ore minerals, zircon, rutile, garnet, tourmaline, | 
sphene, disthene, ened ilite; anatase, brook-_ 
ite, epidote, pyroxene, and green hornblendell 
The heavy fraction gradually increases with — 
depth. This suggests that the silty clay loams 
were formed by gravitational sedimentation from 
the upper layer of morainic alluvium, rather 
than by the weathering process (6). 

The clay fractions were subjected to x-ray and } 
thermal analyses (Table 3 and Fig. 1). (The | 
analyses were carried out by E. A. Shurigina of — 
the Mineralogical Laboratory, V. V. Dokucha-— 
yey Soil Institute, Academy of Sciences, USSR.) | 

Table 3 shows that montmorillonite composi-— 
tion is characteristic for the mineral part of the — 
adsorption complex. This is confirmed by the — 
molecular ratio of SiO, to Al,O;, which is close 
to 4. The surfaces of the mineral particles are i 
covered by films of amorphous compounds which ~ 
decrease their exchange property (18), explain- 
ing the negligible exchange capacity of the — 
colloids. % 

The thermal analysis of the same clay frac- 
tions agrees fully with the data from the x-ray — 
analysis. The figure shows the thermal curves — 
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Fig. 1. Thermal curves of the clay fraction of 
gley-podzolic soil (section 185): a. horizon Avg 


(depth, 10 to 15 em.); b. horizon B (35 to 40 cm.) ; 
c. horizon C (150 to 155 em.). 
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TaBLeE 1 
Texture of gley-podzolic soils 
(Analysis by V. A. Popov) 


/ we L eae. F Eluviation or 
on Diameter of particles in millimeters woh pecans Bon, 
Section No. Horizon [Depth pe Benple. particles, Bieri at Dry aon 
: 1.0- | 0.25-| 0.05- | 0.01- | 0.005 ee i vies 
0.25 | 0.05 | 0.01 | 0.005 | 0.001 | <0-001 i eeraecas 
Aog 10-15 0 3 59 11 9 18 38 —38 
1 16-26 0 3 58 7 SW 23. 39 —21 
Bi 35-40 0 i 57 9 8 PAR He —14 
Bz 50-60 0 1 53 9 9 28 46 —4 
C 150-155 0 0 53 8 10 | 29 47 0 
Aog 6-11 0 1 9 | 58 6 9 17 32 —49 
1 12-20 0 iE Wii, 56 7 7 pe 36 | —34 
Bz 35-45 0 0 8 56 6 St 224 36) 7 8t 
Cc 140-150 0 0 7 49 5 6 33 44 | 0 


for the fraction <0.001 mm. The thermal curves 
vere interpreted by E. A. Shurigina. Beidellite is 
reponderant in the clay fraction of the podzolic 
yorizon, with peaks at 100°, 530°, 825° and 
25° C. The large amount of adsorbed water is 
elated to the hydrophilic property of the ma- 
erial examined. In addition to beidellite in the 
raction <0.001-mm., there are amorphous hy- 
rophilic admixtures: humus (exothermic peak 
t 300°) ; amorphous silicic acid (peak at 100°) ; 
nd amorphous iron hydroxide (peaks at 100° 
and 300°). : 

In the illuvial horizon (depth 35 to 40 cm.) 
ferribeidellite is preponderant (peaks at 120°, 
545°, 835°, 910°). There is also goethite (peak 
at 380°), and a smaller content of amorphous 
hydrophilic admixtures than in horizon A.g. In 
the parent material at 150 to 155 cm. ferri- 
beidellite predominates, with peaks at 130°, 550° 
and 900°. Iron oxide minerals (peaks at 305° 


a The section was located in a belt along a river. The forest was site class III to IV spruce. In the 
immediate soil cover there was a preponderance of Hypnum with a diffuse admixture of Polytrichum 
nd individual cowwheat, forest horsetail, and blueberry bushes. 


TABLE 2 


Results of the gravitational analysis of the fraction 
0.1 to 0.01 mm. of gley-podzolic soil 


| Content of fractions of different 


| Sp. Gr. as % of wt. of fraction 
Planizon |Depth of sample, | 
: cm. 0.1- ; ; 
| 0.01) <2.4 | 2.44-2.75 | >2.15 
aod 
| } 
Ase | 10-15 59 | 2.25 | 90.64 | 4.20 
B 35-40 56 | 0.54 | 93.80 | 5.60 
150-155 52 | 1.85 | 91.70 | 6.17 


and 385°) and a considerable amount of amor- 
phous admixtures are present. 

Chemical analyses of gley-podzolic soils (Table 
4) show their high acidity and extended acidity 
profile. Maximum acidity is in the top layer and 
its decrease downward is evidence that fallen 
plant material is the origimal source of the 


TABLE 3 


Result of an investigation of a gley-strongly-podzolic soil 


2S > 
ao] 3S | 5 | Adsorbed cations 
3 2S |Loss on ignition, % Mineral content, % | 2/2, | (Gedroits method) | 
oe ¢¢ eV o = in me./100 g. soil g 
epth of | & < Saez 32 
Horizon | sample, Se BS. | | ; eee 3 | ; | ws 
: z : a |} 608 = 
om | 2S | 22 >| Humus | Cosp* | Montmo- pay Bee |e. base | Get lige 
fy | BE | (acc. to hound | Hillonite | Micas | (ao. | Quartz) 254 | Ca | Me | Me | 8S 
a So £ | Tyurin) we group | nite) | | Boa | Me | on 
& FS water a ; | = 
; 
Ag 10-15 18 7.43 10.57 7.25 ~30 | 10-15 ~10 | 34 40-45 3.07 | 0.71 | 3.77 | 4.3 
B 35-40 25 7.25 5.15 8.65 30-40 . 10415 | 10 | 5 | 30-35 | 2.43 | 4.09 6.52 . 4.0 
Cc 150-155 29 6.60 1.33 9.37 20-30 10-15 ) 10 | 23 | 50 | 9.43 | 4.66 | 14.09 3.9 


® Their presence was shown by a slight background on the x-ray. 
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cidity. The exchangeable cations are almost 
ompletely leached from the upper horizons. It 
s characteristic that loss of available cations is 
bserved to a considerable depth. But even with 
his, the total adsorptive capacity (Ca + Mg + 
H) remains fairly high in the profile. The loss of 
xchangeable cations amounts to 53% in com- 
parison with the parent material. Thus, eluvia- 
tion of the adsorbed cations is not accompanied 
by such a high rate of mineral decomposition of 
the absorbing complex. As Zavalishin (8) cor- 
rectly notes, in these soils the total amount of 
cations in the upper horizons may be increased 
on account of a considerable content of illuvial 
organic matter which is at the same time a 
source of exchangeable acidity. Nevertheless, 
we must not emphasize that the degree of clay 
fraction decomposition, and consequently of pod- 
zolization, remains relatively low. In the presence 
of high acidity this is explained by the fact that 
in gley-podzolic soils acidity is caused chiefly by 
aluminum. 

The percentage of exchangeable cations in the 
litter is considerably higher than in the mineral 
horizons and in the parent material. However, if 
a calculation is made of the amount of ex- 
changeable cations associated with a definite 
volume (800 cem.’), a different ratio 1s obtained 
(Table 5). The very low relative content of 
exchangeable cations in the top layer shows the 
low ash content of fallen plant material and its 
slow decomposition. It is characteristic that gley- 
podzolic soils accumulate mobile iron compounds 
in the upper horizons: up to 46 mg. of iron per 
100 g. of soil is contained in the A.g horizon. 

Research by Dosmanova (7) and by Verigina, 
Zavalishin and Maksimyuk (5) showed that 
gleying is accompanied by the mobilization of all 
mobile forms of iron. In the gley horizons of the 
gley-podzolic soils we are describing, there is a 
general background of eluviation of iron, but a 
relative accumulation of the most mobile forms 
of iron is observed in comparison with parent 
material. 

Total composition of the soil differs con- 
siderably from that of the clay fraction (Table 
6). The content of silicic acid is much higher in 
the soil and gradually decreases with depth. The 
content of sesquioxides, on the other hand, is 
considerably greater in the clay fraction. 

The content of sesquioxides (chiefly of iron) 
is quite low in the podzolic horizon. Research by 
Ponomareva (15) has shown that in podzolic 
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TaBLe 5 
Contents of exchangeable cations per unit volume of 
soul 
Eluviation or 
ponent of eouaviadon 
Secti » Depth of |Vol exc. ange- Of exc. ange- 
No. Horizon csmple, em. | weight |®ple cations| able cations 
800 cm’ | pared to par- 
ent material 
185 | Ao 0-8 0.06 1223 —902 
Acog 9-15 | 0.8 10.9 —91 
C 150-155 | 1.5 124.8 0 
186 | Ao 0-8 0.06 16.3 —92 
Aog 9-14 | 0.8 15.4 —92.5 
C 150-155 | 1.5 204.0 0 
*In determining the degree of eluviation or 


accumulation of exchangeable cations we made 
only a comparison between the litter and the 
original material. 


soils the mobile zone of aluminum is about 20 
times smaller than the mobile zone of iron. 

It is characteristic that the clay fraction has 
a very low calcium content but at the same time 
contains a relatively large quantity of magne- 
sium. This is explained by the x-ray analysis of 
the fraction, according to which up to 40% of its 
content consists of montmorillonite minerals con- 
tainmg magnesium. The large percentage of 
chemically bound water is evidently caused by 
the presence of considerable quantities of hy- 
drated sesquioxides. 

Molecular ratios of S10, to RO; are evidence 
of the eluviation of sesquioxides. Those values 
of the eluvial-accumulative coefficients are char- 
acteristics showing that the profile of gley- 
strongly-podzolic soil belongs to the group of 
“evenly eluviated” profiles (17) which do not 
show an illuvial horizon. The ratio SiO.:Fe.Os; 
in the clay fraction is smallest in horizon B, 
showing its relative accumulation of iron com- 
pounds represented, according to the thermal 
analysis, by ferribeidellite and goethite. 

Data from the analysis of the composition by 
groups and fractions of humus (Table 7) show 
the high mobility of humic substances and the 
sharp preponderance of fulvie acids in the soil 
makeup. In horizon A.g, even in the decalcinate, 
carbon amounted to 8% of the gross and in 
horizon B to 13%. The decalcinate was com- 
pletely colorless. 

In soils with an extremely high relative acidity, 
Zavalishin has suggested that treatment by 
sodium sulfate solution is, essentially, treatment 
by a sulfuric acid solution. For this reason such 


242 I. V. ZABOYEVA 
TABLE 6 
Results of a complete analysis of a gley-podzolic soil (in % of ignited sotl)—Section 185 
Loss on ignition, Molecular ratios 
Hygro- 
; Depth of sam- : : 
Hocizon pees a ee Chem SiOz | Fe2xO3 | AlkOs | R2Os | CaO |MgO | Total 
(acc. to bound 
Tyurin) water 
Soil 
Aog 10-15 2.4 4.9 80.27} 3.61)10.50}14.11/0.77|0.69\95 .84 
B 35-40 PA) 4.5 76.33) 5.76/12.55)18.31/0.82)1 06/96 .52 
C 150-155 2.8 4.3 73.78) 5.64/14.84/20.48/0.86)1.48)/96.60 
Clay fraction (<0.001 mm.) 
Acg 10-15 7.43 | 10.57 | 7.25 |58.00| 8.00/25 .52'33 .52/0.48)/2.27|/94.27 
B 35-40 reas) 5.15 | 8.65 |53.87|15.56|22. 76/38 .32/0.34/2.98)95.51 
C 150-155 6.60 1.33 | 9.387 |54.99 M8288 36 .85/0.63/2 99/95 .46 
TABLE 7 
Composition by groups and fractions of the humus of gley- podzolie 
soil as percent of total carbon (Section 185) 
a f 5 F Hydro- 
ie ees Soluble Humic acids Fulvic acids Wyzed_ esol ae iN Sens 
CLiZa sample, cm. in 1.0 N poe residue | mens in soil 
» CM.) NrasSOu 0.5.N | (humin) 
1 | 2} 3 Total) 0 1 2 | 3 |Total) HeSOs ( 

Aog 10-15 8 |. 10) 0!) '6)) U6: 4) 24 0) bi e330) 14 21 12 1.61 
B 25-30 13 D0! fro LO R27 2221 oaie0 9 19 13 0.87 


treatment may dissolve not only the water- 
soluble organic matter but also the acid-soluble— 
the so-called “zero fraction” of fulvie acids (ac- 
cording to I. V. Tyurin). It is obviously just 
this fraction of the organic matter which ac- 
cumulates in an illuvial horizon. 

A unique characteristic of the humus of gley- 
podzolic soil is also the complete absence of 
humie acids of the second group. Consequently 
there are no compounds of humic acid with 
calcium. Humic acid is represented in the free 
form, isolated by a solution of 0.1 N NaOH 
without decaleination (first group), and in the 
form of humie acids bound to iron and aluminum 
in the form of complex compounds isolated only 
by boiling with 0.5 N and 1.0 N H.SO, in turn. 

The situation is different with fulvie acids. 
The carbon of the total fulvic acids amounts to 

3%. There are four fractions in all. The first, 
which is predominant, contains free forms of 
fulvic acids and some fulvic acids bound to 
sesquioxides. A second fraction is that which is 
most resistant to hydrolysis. According to Tyu- 


fulvic acid is bound to calcium. However, there — 
is only about 1 me. of absorbed calcium in this 
horizon, while the absorbed aluminum: amounts — 
to about 10 me. Under these conditions, as — 
Zavalishin notes, the operation of decalcination © 
is converted into the displacement of absorbed — 
aluminum. For this reason the increase in solu- 
bility of fulvie acids following this treatment 7 
is naturally associated with the removal of a cer- | 
tain excess of mobile aluminum, and as a result | 
it is more correct to determine these soil com- | 
pounds as bound to aluminum and not to cal- 
cium. 

There is only about half as much total humus 
in the illuvial horizon as there is in horizon A.g. 
Here there is an even greater preponderance of 
easily mobile forms of humus: the total of all 
groups of fulvic acids amounts to 50%. The in- 
crease in fulvie acids occurs mostly in the form 
of organomineral compounds of sesquioxides. 

The composition study of organic matter in 
soils of the Komi ASSR were carried out by 


aranovskaya (2), who established the distinc- 
ive characteristics of the humus of northern 
oils. 

As noted before, Ivanova (10, 11) considered 
he weakening of podzol formation in the gley- 
odzolic soils of the northern tundra and forest- 
undra. On the basis of all the analyses we came 
o the same conclusion: 

This weakening of podzol formation toward 
he north, primarily on finer parent material, is 
oted by a number of investigators. Zavalishin 
(S) associates this phenomenon with peculiarities 
of mossy vegetation as a less active factor than 
rassy vegetation. Remezov’s paper (16) shows 
hat the vegetation, by assimilating different 
lements from the soil increases the mobility of 
these elements and intensifies their eluviation 
from the soil. Since the plant cover of the north- 
rn and central taiga withdraws considerably 
ess material from the soil than does the vegeta- 
tion of the southern taiga, the result is that the 
rate of podzol formation in the northern and 
central taiga should be lower. Further, in the 
northern and central taiga the depth of podzol 
formation is extremely limited because of the 
absence of vegetation with deep and abundant 
root systems. 

In the paper which Rode (17) devoted to the 
study of podzol formation principally in the 
southern taiga (in peat-podzolic soils) a series 
of eluvial-accumulative coefficients is cited: on 
the basis of applying a large number of com- 
plete analyses. The series is assembled in order 
of deereasing eluviation of individual oxides 
from the podzolice horizon: 


: 


MgO > Fe,0; = CaO Al,O; 


—0.697 ~ —0.667~ —0.562~ —0.465° 
For the podzolic horizon investigated by us in 
gley-podzolic soil this order changed little: 


MgO FeO; Al,O3 CaO 


— 0.592 ‘a —0.412 A — 0.350 3 —0.177° 


Comparing the two series, the basic difference 
is in the absolute values of the eluvial-accumu- 
lative coefficients: the eluviation of all oxides 
from the podzolic horizon of gley-podzolic soil 
is considerably less than from the same horizon 
of the podzolic soil of the southern taiga. We 
came to the same conclusions on the basis of a 
comparison of the eluviation of the mobile part 
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of the absorbing complex of gley-podzolic and 
other subtypes of podzolic soils. 

In gley-podzolic soil, eluviation from horizon 
A.g of Ca + Mg = —84%; that of Ca + Mg + 
H = —53%. The corresponding values for moun- 
tain-forest nonpodzolized soils are —18% and 
+1% (12) and for podzol of the southern taiga 
—91% and —83% (9). In gley-podzolic soils, 
regardless of increased acidity, the absorbing 
complex is more stable than in the podzols of 
the peat-podzolie subzone. 

This stability of the absorbing complex re- 
sults to some extent from the protective action 
of aluminum and iron. 

From the material presented above we con- 
clude that in gley-podzolic soils the podzol- 
forming process is quantitatively and qualita- 
tively different from that of areas further south. 
Toward the north it is not a simple weakening 
of the degree of podzolization but a qualitative 
change in it. This shows the occurrence of stages 
of podzol formation in different subzones of 
podzolie soils. 


Conclusions 


1. As a result of this research it has been es- 
tablished that gley-podzolic soils, known as the 
zonal soils of the forest tundra and northern 
taiga, develop under definite conditions in the 
northern half of the central taiga as well. They 
are formed on elevated portions of the relief 
(at altitudes above 200 m. above sea level) on 
fine clay loams. This represents a shift of the 
soil subzones toward the south, that is, the soil 
is becoming adapted to the north. 

2. The most characteristic genetic peculiarity 
of gley-podzolie soils is the gleying of the upper 
part of the profile, chiefly of the podzolic hori- 
zon. In this connection the accumulation of mo- 
bile forms of iron compounds takes place against 
a background of its general eluviation. 

3. In gley-podzolic soils as in typical podzolie 
soils, there is an absence of a humus-accumula- 
tive horizon A, (the formation of podzol develops 
in the almost complete absence of a peat-form- 
ing process). The principal source of soil humus 
is the litter of mosses. Because of the low ash 
content of this litter, the exchange acidity of the 
upper horizons usually exceeds the total of 
exchangeable cations in the same horizons. In 
this the exchange acidity is caused in the mineral 
horizons almost exclusively by aluminum (or 
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iron), which is one of the genetic peculiarities 
of these soils. 

Under the litter, gley-podzolic soils sometimes 
have an indistinct pre-humified layer of 1 to 2 
em. This is not accumulative, but rather an 
illuvial horizon formed by humus which has 
penetrated this far from the surface litter. 
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Sciences, Turkmen SSR 


AKYRS are unique typical soil formations of 
the Central Asia desert plains. As a result 
{ the unique climatic, geological and geomor- 
phological characteristics of the plains of Turk- 
menistan, takyrs are located everywhere there: 
n the Kopet-Dag piedmont plain, on the deltas 
of the Murgab, Tedzhen, Atrek and Amu-Dar’ya 
‘ivers, in the Prikugitanskii region, and on the 
owlands of southeastern Kara-Kum. 

In spite of the great importance of this soil 
rocess in Central Asia, its mechanism and na- 
ure will probably remain in dispute until soil 
scientists choose direct experiment rather than 
‘logical inference”. 

In the present article we will not touch on the 
shtire series of complex physico-chemical proc- 
asses taking place in the takyr but will concen- 
rate on the phenomenon of the formation of 
ellular “dry-bread” type of porosity of the 
rust. Dimo (7) was one of the first to consider 
the unique porosity of takyr crusts. He explained 
that they occurred as a result of air compression 
at the moment when precipitation penetrates 
mto the soil. The author assigns a subordinate 
ole to carbon dioxide of biological origin. E. N. 
Ivanova upheld this opinion, as Gorbunoy and 
Labenets have done more recently. These au- 
thors assume that “the formation of porosity in 
he takyr crust is caused by the exit of trapped 
air when rainwater and snowmelt penetrate the 
soil. At the surface of the takyr air is partially 
retained by the dispersed layer of the soil and 
‘by the solid algal film” (p. 691). Rozanov (9) 
also considers the cause of porosity to be the 
displacement by moisture of the air of the soil, 
emphasizing the unique structure caused by the 
enormous pressure developing in the crust dur- 
ng the contraction of drying. 

More recently Bazilevich, Gollerbakh and 
odin (1, 2) have put forth an original but, un- 
fortunately, inadequately basic hypothesis for 
he formation of the cellularity of takyr crusts. 
In their opinion the pores represent cemented 
calcium carbonate cells containing bubbles of 
oxygen given off by algae in the process of 
\photosynthesis. The bubbles of oxygen retained 
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by the algal film “gradually are buried by sus- 
pended matter and preserved. The repetitive 
nature of this process leads to the growth of lay- 
ers of buried bubbles and the gradual rise of a 
stable spongy-porous crust” (2, p. 340). The 
lack of experimental data led us to study this 
phenomenon in greater detail. In the summer of 
1956, during a preliminary exploration of takyr 
areas, it was discovered that the surface of one 
of the takyr-studded solonchaks near the rail- 
road station of Dzhu-Dzhu-Klu (in the Murgab- 
Tedzhen interfluve, Turkmen SSR) was covered 
continuously with small round openings which 
on closer inspection proved to be cellular pores. 
The absence on the surface of visible traces of 
the growth of either higher or lower plant or- 
ganisms made the surface pores evident. They 
were usually masked by the residues of algal 
film or by colonies of lichens. The pores were 
often transected by the later occurrence of 
cracks, on the walls of which spherical depres- 
sions were distinctly seen. The external openings 
were not characteristic of the actual size of the 
pores, since below the surface the cavity of the 
pores broadened out, taking on the shape of a 
ball. Around the opening a circular ridge was 
noted, giving each pore the appearance of a 
miniature “crater”. The distribution of the open- 
ings on the takyr surface was uneven, the dis- 
tance between individual pores varying from 1 
to 10 em. The diameter of the pores varied from 
0.5 to 4 mm. The crust was dissected by thin 
cracks 1 to 2 mm. wide with sharp edges, while 
the individual polygons formed by them had not 
yet taken on the permanent characteristics of 
relatively young takyrs. The polygons showed 
microdepressions in which it was sometimes 
possible to notice thin filaments of the separate 
higher thalli of algae. 

In the profile of a takyr (section 15) there 
was separated a stable, cemented, clayey crust 
6 em. thick, dissected by vertical cracks and 
pierced all over by large pores. In its upper part 
(0 to 0.5 cm.) there were signs of beginning 
solodization (some whitening and coarsening of 
the texture). To a depth of 12 cm. below the 
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TABLE 1 
Composition of the water extract of takyr solonchak 
(Sect. 16, July 6, 1956, Murgab-Tedzhen inter- 
fluve 2 km. south of Dzhu-Dzhu-Klu railroad 
station. Analysis by V. S. Burdigin.) 


As percent of oven-dry soil 
H S ba 
Depth of Bae g Alkalinity 
sample, mois- | 
cm. ture, me file 
% ~ IL 3c ' {1 : ¢ 
= = =< i) 
Eo. Ve oy aati es 
0-0.5 | 1.78 |1.17| none |0.02)0.52}0.06/0.10/0.02 
0.5-6 1.94 |1.23) ‘“ |0.03)0.62/0.09)0.06)0.03 
6-12 1.33 |1.21) “ |0.03)0.57/0.07/0.04)0.01 
12-27 | 3.57 |2.91) ‘* |0.03/0.95)0.60/0.21/0.06 
27-80 | 3.55 |2.15} ‘* |0.03/0.83/0.46/0.12)0.05 
80-10 1.85 0.48) * |0.03)0.23)0.06)0.02/0.02 


crust there was a friable flaky-lamellar clay 
horizon. Below was a dense brownish clay satu- 
rated with salts having nodules of gypsum. 

The analysis of a water extract (see Table 1) 
shows the solonchak salinization of the soil in 
which the salt content is very high (1.17%) even 
from the surface. It is natural that im such a 
soil the activity of biological factors would be 
considerably inhibited. However, we seeded soil 
samples from the upper and lower layers of the 
crust in Bristol solution to develop the species 
composition of the algae, regardless of the high 
salinity. This showed the presence of the fol- 
lowing species: 


Chlorella vulgaris Beyer 
Pleurococcus vulgaris 
Menegh 
Chlorococcum sp. 
Microcoleus vaginatus 
(Vauch.) Gom. 
Oscillatoria sp. 
Phormidium sp. 
Hantzschia amphioxys (Ehr.) a 
Grun. 
Navicula sp. 
Achnanthes sp. 


many 
quite a few 


many 
individual threads 


many 
ce 


We began the study of the cellular structure 
formation from the moment the atmospheric 
precipitation fell on it. The dry, saline takyr 
crust with intact structure was placed in a crys- 
tallizing dish and sprayed with distilled water 
from a sprinkler. In this process the abundant 
effervescence of bubbles of air was observed, 
while the crust slaked before the observer’s eyes 
and settled on the bottom of the crystallizing 
dish in a layer of separate particles. Each bub- 
ble of air was like a microscopic charge of. ex- 
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plosive, destroying the crust from within. Gor 
bunov and Bekarevich state that when the air is 
displaced by water, destruction of the structure’ 
and pulverization of the soil take place. Pulveri- 
zation increases more rapidly as temperature’ 
increases and moistening takes place. : 

According to our observations, in addition to } 
the factors stated, the ratio between volumes of | 


large part in the absence of a water-stable struc-— 
ture. The greater the porosity of the crust, the 
more air will be trapped in the pores and the 
stronger its destructive activity will be at the} 
moment when it is quickly flooded by water. The } 
same crust, retaining its salt composition and | 
deprived only of its pores (as will be discussed | 
later) was broken down with considerably 
greater difficulty by the action of water. 

The abundant showers which occur in May 
and June of some years doubtless exert a strong” 
slaking action on the structure of takyr crusts 
For this reason, in spite of the opinion of Bazile 
vich et al. (2), the preservation and accumula 
tion of porosity over a number of years is | 
scarcely possible. 

A protective action of algal film (6) prevent-~ 
ing the release of entrapped air may occur, but 
only at those times of the year when it is fairly ~ 
well developed (in fall or winter and in early 
spring). However, in view of the low tempera- — 
tures and the slaking action of precipitation at — 
this time it would not be very significant. With \ 
the onset of the season of high temperatures the 
surface of the takyr usually loses any algal film — 
it might have, even a “dense” algal film. With — 
drying it curls up and is mostly scattered by the 
wind. Algae require time for growth and film 
formation, which naturally take place after pre- 
cipitation. But by then all the trapped air has 
been removed and the pores are filled with wa- 
ter. | 

For a more detailed study of the formation 
of porosity, a series of experiments was set up 
to reproduce takyr crusts, with their proper 
morphology, under artificial conditions. To pre- 
vent the action of any biological agents the soil 
was sterilized. Samples of the crusts mentioned 
above from a depth of 0 to 5 or 6 cm. were put 
through a 1 mm. mesh, then placed in oilcloth 
bags and sterilized in an autoclave for 1.5 hours 
at 1 atmosphere. Confirmatory seedings of the 
material in Bristol solution and meat infusion 
broth showed its complete sterility. The experi- 


ents were carried out in six treatments with 
ifferent preparations and drying conditions. 
In the first series of experiments the ground 
ry soil was placed in a low, wide glass crystal- 
izing dish and distilled water was sprayed on 
rom a sprinkler until a layer of water 0.5 cm. 
eep was formed on top. Some of the crystal- 
izing dishes were placed in a constant-tempera- 
ture oven at 60° to 65° and some were subjected 
o drying in the open air under 300 watt electric 
ights which heated the surface to 55°. 

In the second series of experiments with the 
same samples a thin suspension of soil was added 
o the surface of the prepared beakers. In the 
last treatment the soil was mixed with distilled 
water in a tall glass jar and carefully stirred for 
two hours so as to displace as thoroughly as 
possible the air of the pores of the soil. Then 
the suspension was transferred to crystallizing 
dishes and dried by the two methods mentioned 
efore. : 

Cellular porosity was observed in all the 
reatments, but the takyr crust most morpho- 
ogically similar to the natural, was formed in 
he last treatment with prolonged stirring of the 
uspension and subsequent drying in the con- 
tant-temperature oven. 

Figure 1, 7 shows an artificially formed takyr 
crust (slightly enlarged). The only visible dif- 
erence between it and the natural (Fig. 1, 2) 
as the somewhat smaller size of the pores, ob- 
iously explained by the small volume of soil 
aken for the experiment. 

A critical scrutiny of the experiment results 
allows us to assume that prolonged stirring of 
the suspension with exposure to air led to a 
certain change in its salt composition as a result 
of saturation by some gaseous component of the 
air. This component obviously can only be car- 
bon dioxide gas since its solubility, compared to 
that of other components of the air, is relatively 
great. Considering that the suspension was pre- 
pared with distilled water which had not been 
thoroughly boiled and thus contained carbon 
dioxide, and that it had an alkaline reaction 
(pH = 7.9), absorption from the air could have 
been considerable. Saturation of the suspension 
by carbon dioxide led to a shift in the equilib- 
rium in which a part of the carbonates could 
have gone into solution in the form of bicar- 
bonates. 

The subsequent drying out accompanied by 
heating led to decomposition of the bicarbon- 
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Fic. 1—Porous takyr crust. 1. Vertical section 
through an artificially prepared crust. 2. Part of a 
natural takyr crust. 


ates according to the following reactions: 
2NaHCO, — Na,CO; + H.O + CO, 
Ca(HCO,). — CaCO; + H.O + CO, 


To confirm this hypothesis a supplementary 
experiment was set up using the artificial crusts 
formed in the last treatment. The suspension 
prepared from it was boiled over a low flame 
for two hours to decompose the soil bicarbon- 
ates as completely as possible. During the boiling 
very violent foaming was observed. After boiling 
the suspension was cooled over soda lime to a 
temperature of 35° to 40° and then quickly 
placed in erystallizing dishes and put into the 
warm constant-temperature oven where it was 
dried at 60°. The crust formed was completely 
devoid of pores visible to the naked eye; it was 
cemented and very tough and was dissected by 
a large number of broad cracks (Fig. 2). The 
crust was only half as thick although the same 
quantity of soil was used to form it. 

The results of the last experiment fully con- 
firm the hypothesis that the pores are caused by 
carbon dioxide given off by the decomposition of 
the bicarbonates of calectum and sodium when 
the crusts dry out. The preliminary decomposi- 
tion of the bicarbonates by prolonged boiling of 


Fic. 2—Vertical section through a takyr crust 
made artificially after removing carbon dioxide gas 
from the sample. 


the water suspension and removal of the CO, 
formed kept the pores from forming. 

The second section of our work was devoted to 
a study of the possibility of formation of pores 
in takyr crusts by the method presented in the 
paper by Bazilevich, Gollerbakh, Rodin and 
Zemskii (2). For this the takyr crust was previ- 
ously dried at 160° to 180° and then used for 
the preparation with boiled distilled water of a 
viscous soil mixture, placed in a 1 em. layer on 
the bottoms of small crystallizing dishes. The 
surface of the layer was treated with an algal 
film consisting principally of Phormidium au- 
tumnale with admixtures of Microcoleus vagina- 
tus, Pleurococcus vulgaris and Hantzschia am- 
phioxys. In some of the dishes an almost pure 
culture of Phormidium autumnale was applied. 

A nutrient solution was added to the dishes 
and they were placed in diffuse light at room 
temperature. They received direct sunlight only 
for two hours in the morning. 

As early as the tenth day after beginning the 
experiment a fairly thick algae film had been 
formed. Clay was added in a thin suspension of 
sediment prepared with thoroughly boiled water 
and soil dried at 160° to 180°. 

During the course of the work it became ap- 
parent that applying a very thin layer of clay 
(0.5 to 1.0 mm.) was not sufficient to cause it 
to accumulate on the film, since the film floated 
on the surface borne by numerous bubbles of 
oxygen given off in photosynthesis. We were suc- 
cessful in covering the film with clay only when 
the nutrient solution was applied with a siphon, 
in which case the film settled directly on the soil 
surface. For the clay covering it was necessary 
to use a thicker suspension than that tried ini- 
tially. Notwithstanding these difficulties the bub- 
bles of oxygen were covered over with clay and 
there was even an opportunity to observe this 
process through the walls of the crystallizing 
dishes. However, within two or three hours af- 
ter the bubbles were covered with clay, those.lo- 
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cated at the wall of the vessel disappeared. It — 
is not clear whether this took place with the bub- 
bles at the center of the crystallizing dishes. Af- 
ter the clay had been deposited the crystallizing — 
dishes were again placed in the light until a new | 
film had developed on their surfaces 5 to 6 days , 
later. This procedure for depositing clay was re- | 
peated several times. When the layer of clay- — 
covered films reached a thickness of 2 cm. the 
crystallizing dishes were placed in the constant- | 
temperature oven to dry at 60°. 

The crust formed after drying did not contain” 
any traces of clay-covered bubbles of gas. There 
was no porosity at all in the crust, just as there | 
was none in the experiment in which the sus- © 
pension was subjected to boiling for two hours. | 
In contrast to the preceding experiment, the | 
crust formed on deposition of clay on the algal — 
films was clearly layered and the layers retained 
the green coloration on surfaces exposed by 
fracture. The number of jayers corresponded in 
general to the number of times clay had been de- 
posited. 

Evidently the bubbles of gas enclosed by clay | 
(providing they were preserved before drying) 
were removed considerably before the soil ac- 
quired a consistency viscous enough to retain 
them. 

The results of this experiment prove that if — 
algae take any part in the formation of porosity, 
it is only an indirect one as Ss pro- 
ducers and consumers of CO, . 

Yelenkin (8), citing the work of Bachmann 
(1912) and Nadson (1927), refers to possible 
ways in which blue-green algae participate in 
the destruction of limestone rocks and the for- 
mation of pores within them. In essence the al-_ 
gae, giving off organic acids, decompose CaCO, 
with the formation of CO,. The latter in turn 
transforms CaCO; into bicarbonate which is 
leached by precipitation and which forms cavi- 
ties in the rock. 

A similar process may go on under the action 
of the CO, given off by the algae in respiration 
without participation by organic acids (which ~ 
are produced only by certain species). The re- 
spired-CO, pathway is the most probable under 
the conditions discussed here. However, without 
excluding the indirect participation of algae in 
the formation of pores in takyr crusts, it must be 
noted that the scale of this activity is extremely 
small. Our experiments showed that culturing 
algae for a month and a half on saline and ear- 


onate soils did not exert any effect on the equi- 
ibrium of salts in the system: caletum and 
odium carbonates = calcium and sodium bicar- 
onates. In contrast, increasing the content of 
Ikali and alkaline earth bicarbonates in the 
oil solution led to the formation of pores in the 
rust, even though in insignificant numbers. 

On the basis of the experimental data ob- 
ained, formation of pores in takyr crusts under 
atural conditions may be explained as follows: 
n especially clear and characteristic cellular 
tructure is observed in takyrs of mature age 
which have developed from chloride solonchaks 
ith far-advanced decomposition of the alumino- 
silicate part of the colloidal complex. Young 
akyrs usually have a fine-porous crust. Mature 
akyrs have high alkalinity of the upper part of 
he profile. 

Bazilevich (4) cites data showing a very high 
ontent of bicarbonates in the crusts of solon- 
hak takyrs (1.31 to 1.41 me. of HCO, per 100 

. of soil), After rain has fallen, the sun’s rays 

arm the entire top layer drying out the takyr. 

he exposed surface of the takyr is warmed 
quickly and intensively. Bicarbonate salts pres- 
nt in the soil solution as unstable compounds 
egin to decompose even with slight warming 

ecording to the reactions cited. It is not im- 

ossible that some of the CO, is also removed 

y absorption by the algae in the process of 

hotosynthesis. j 

The CO, given off shifts the equilibrium and 
he solution gradually becomes richer in soda 
(Na,CO,). Research by Bazilevich, Degopik and 
Kryukov (3) on the dynamics of the alkalinity 
of the atmospheric water stagnating on the sur- 
face of the takyr showed its rapid increase with 
time, in some cases reaching 7.70 grams per liter 
of HCO, of which 7.03 grams per liter is car- 
bonate alkalinity titrable with phenolphthalein. 
Secondary carbonates of caletum formed as a 
result of the decomposition of Ca(HCOQ,). by 
warming are precipitated. 

_ Feofarova (11) noted a large amount of sec- 
ondary carbonates in the form of powdery 
calcites. It is interesting that it has been estab- 
lished micromorphologically that there is car- 
bonate removal from the pores, but no cement- 
ing of them by secondary finely dispersed CaCO, 
as stated by Bazilevich, Gollerbakh, Rodin and 
Zemskii (2). This fact indirectly confirms the 
nature of the gas formed in the pores. 

Carbon dioxide gas from the soil strives to es- 
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cape to the atmosphere, but the rapidly increas- 
ing viscosity of the medium prevents this. The 
bubbles of gas at the very surface, acquiring 
great energy because of thermal expansion, ex- 
ceed the surface tension of the film of suspension 
and explode from the imside forming craters. The 
bubbles below are not capable of overcoming the 
obstruction and, expanding to the limit for the 
given temperature, remain in place as pores af- 
ter the soil has dried out. 

The decrease in pore size usually observed in 
the lower, less intensively heated portion of the 
crust of takyrs becomes understandable if con- 
sideration is given to the thermal coefficient of 
expansion of gases. 

A well-developed algal film may also hinder 
somewhat the escape of gas and make possible 
the formation of pores, but if it is a major hin- 
drance, then a maximum number of pores should 
be concentrated directly under it in a 1 to 2 mm. 
layer. Observation shows, however, that both 
moist and dry algal films separate quite freely 
and the first 1 to 2 mm. beneath them are most 
often devoid of pores. 

Porosity becomes conspicuous only below 3 to 
5 mm. and is scattered over the entire thickness 
of the crust. 

Thus, according to our conception, the forma- 
tion of pores in the takyr crust has a certain 
remote resemblance to the formation of pores in 
fresh dough on the addition of sodium bicarbon- 
ate or ammonium carbonate. 


Conclusions 


1. Formation of the unique “dry-bread” po- 
rosity of takyr crusts is related by most in- 
vestigators to purely physical processes. Its 
occurrence is explained by the action of the 
compressed air of the soil displaced by moisture 
from atmospheric precipitation under the spe- 
cific hydrothermal desert conditions. 

More recently certain authors have attributed 
a leading role in this process exclusively to bio- 
logical factors, relating the formation of pores 
to the biochemical activities of algae. 

2. Our research showed that the formation of 
pores takes place basically as a result of physico- 
chemical processes in the presence of carbonates 
under the contrasting temperature conditions 
characteristic of deserts. 

3. Pores are formed in takyr crusts by the 
drying out of the takyrs following heavy rains, 
with high air temperatures next to the soil and 
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intense and direct insolation. The concrete cause 
of pore formation is the carbon dioxide gas given 
off in the conversion of bicarbonates to carbon- 
ates when the soil solution temperature is raised. 

4. Carbon dioxide of biological origin plays a 
subordinate role in the formation of pores, since 
the amounts of it given off are negligible in view 
of the general inhibition of biological processes 
in takyrs. 

The bubbles of oxygen, given off in abundance 
by algae in photosynthesis, do not participate 
in the formation of pores. 

Received May 10, 1957 
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HE NORTHWEST ALTAI 


YPICAL chernozems’ are distributed in large 
areas and in small spots on the gently slop- 
ng piedmont, foothill plateaus, and plains at 
he foot of mountains in Northwest Altai. They 
re found in Altai territory between the lower 
eaches of the Katun river and the headwaters 
f the Alei river (Fig. 1), extending to Kaz- 
khstan border.’ 

In Altai territory these soils cover about 250,- 
00 to 300,000 hectares. 

The soils of the northwest Altai piedmont were 
irst described by Vydrin and Rostovskii (4). In 
cheir terminology typical chernozems fell largely 
nto the series ‘““chernozems with a humus con- 
tent of 10 to 18%.’ Some information about 
these soils is found in papers by Smirnoy (20), 
Petrov (15) and Rozanov (18). Typical cherno- 
yems are found on lands fully enclosed in the 
areas shown on the State Soil Map (7) as 
‘northern rich” (that is, thick and medium 
thick) chernozems and in part in the areas of 
‘ordinary medium-humus thick” and “mountain 
leached” chernozems. ; 

The soil profiles under description consist of 
a deeply colored dark-gray horizon, tinged with 
a faint brownish shade under humus (A + B,), 
70 to 90 cm. thick, with an unevenly colored B, 
horizon 10 to 20 cm. thick and a brown B, ho- 
rizon which forms a gradual transition into par- 
ent material. 

Typical Altai chernozems have a fine clay loam 
texture (Table 1) with characteristics of a loess- 
like material, becoming fainter with an increase 
in the altitude. In the piedmont and foothills 
the upper part of the profile (especially the cen- 
ter of the humus horizon) is more clayey (Fig. 


+ Different meanings are attributed to the term 
‘typical chernozems”. At the All-Union Conference 
on the Cartography and Nomenclature of the Soils 
in 1950, rich and thick chernozems were combined 
under the designation “typical”. In the present 
article the term “typical chernozems” is used in 
this sense. 

“We describe typical chernozems only within 
the limits of Altai territory. 
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2). This is not noted in similar soils in the Euro- 
pean part of the USSR (17, 2, 3 and others) 
although Prasolov (17) has stated that it should 
be possible to expect clay deposition in the up- 
per part of chernozem profiles. 

The upper part of the profile is characteristi- 
cally of finer texture in other subtypes of Altai 
chernozems (southern, ordinary, and leached). 
In 14 profiles of 19, texture analysis established 
the presence of clay in the upper profile; in 
three profiles it was difficult to establish the 
presence or absence of clay because of the large 
intervals between samples, and in only two pro- 
files on fine-textured parent material (medium 
clays) there was no clay deposition. The heavi- 
est clay deposition was manifested in soils de- 
veloped on coarse-textured (medium clay loam 
loess) parent material in more moist regions. On 
fine-textured (strongly weathered) parent mate- 
rials, clay deposition develops slightly or not at 
all. 

According to data from Petrov (14), loess- 
like deposits of the Altai piedmont were formed 
under arid conditions and are distinguished by 
their slight weathering. It is natural to assume 
that the loess-like deposits of the Altai, rich in 
primary minerals, would be subjected under 
more moist conditions to further weathering and 
clay deposition within the upper soil horizons. 

The humus profile of typical chernozems (Ta- 
ble 2) is distinguished by its great thickness and 
gradual decrease in humus content with depth. 
This is characteristic of the western districts of 
the chernozem zone of the USSR, but not of Si- 
berian chernozems. The carbon-nitrogen ratio 
does not deviate noticeably from the character- 
istic values of chernozem types. 

In the 0 to 20 em. layer, the humus content 
corresponds from 160 to 200 metric tons per 
hectare (or, in the top one meter layer, from 
500 to 700 metric tons per hectare). The nitro- 
gen content is 8 to 12 metric tons per hectare, 
including 150 to 500 keg. of hydrolyzable nitro- 
gen. Total phosphorus is 4 to 6 metric tons per 
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TABLE 1 


Texture of typical chernozems (Allowance made for 
losses during processing) 


Content of fractions (in mm.) 


in percent 
Description of soil| Depth of 
and section sample, ia 
number cm. Fe SIRS Se 
S Ieclgclgclsel ole 
Mie Ne Wess | WA 
Chernozem; typ- 0-20 0.2) 5.1/85.1/11.2/16 9)31.5 59.6 
ical, medium 23-35 0.4] 0.8/40.4/14.5'15.9 28.0)/58.4 
humus, thick. 40-50 0.1} 1.5/33.7/10.6 20.4'33.7/64.7 
Plain at foot of 80-90 0.0) 4.7/39.7/11.0)13.4/31.2/55.6 
mountain, See- 140-150 0.0) 1.5/48.9)12.4/12.0)/25.2/49.6 
tion 293 | 
Chernozem; typ- 0-10 0.0} 2.9/38.9/10.0)18.8/29.4)58.2 
ical, medium 20-30 0.0) 9.0/31.9)12.0/16.5/30.6/59.1 
humus, thick. 45-55 0.0} 4.2/33.4/10.9)17.2!34.3]/62.4 
Piedmont. Sec- 90-100 0.0) 7.3/34.5)11. 6/13. 1/33. 5|58.2 
tion 295 130-140 | 0.0) 2.8/43. 30.5|53.7 


0-20 | 0.2) 4.2/30. 
25-35 | 0.2) 2.6/31. 
40-50 | 0.2) 5.6 (20. 
80-90 | 0.1]15.5/29. 
155-165 | 0.4] 1.3|29. 


Chernozem; typ- 
ical, rich, thick. 
Foothills. Sec- 
tion 299 
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hectare, of which 200 to 700 kg. is available. 
Available potassium is 400 to 800 kg. per hec- 
tare. Together with other properties, these in- 
dices allow us to include typical Altai cherno- 
zems in the group of soils with very high natural 
fertility. 

The exchange capacity attaims maximum val- 
ues in the horizons below the plow layer. The 
amount of exchangeable Ca** in the upper layer 
of the humus horizon changes little, since here, 
along with a decrease in the humus content go- 
ing down the profile, the amount of clay parti- 
cles increases. In the lower part of the humus 
horizon, where the decrease in the humus con- 
tent 1s not compensated by an increase in the 
content of clay particles, the amount of ex- 
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Fic. 1—The distribution of typical chernozems 
on the northwest piedmont of the Altai. 1—Regions 
im which typical chernozems predominate. 2—re- 
gions in which typical chernozems are often en- 
countered. ‘ 
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changeable Ca** quickly decreases with depth 
The distribution of adsorbed Mg** does not sho 
any clear pattern. The amount of exchangeabl 
K*, as usual with chernozems, quickly decreases 
with depth of profile. 

The reaction of typical chernozems is neutral, 
Parallel determinations of the pH values at th 
same points in 1955, a dry year, and 1956, which 
was moist, showed a noticeable decrease in pH 
in 1956 (from 6.8 to 7.3 and 6.3 to 6.7 in th 
upper part of the profiles of sections 293 and 
295). However, because of the small number o 
determinations (at only two points) these datal 
require further confirmation. 

The peculiarities of the carbonate profile are 
micellar segregation of carbonates, a faintly ex- 
pressed maximum of carbonates, and a rela- 
tively constant maximum amount of CO, (usu- 
ally not more than 5 to 6%). Fig. 3 shows tha 
the carbonate contents in the soil profile and 
the corresponding volume of parent material 
are almost equal (an increase in the CaCO, con- 
tent of the upper carbonate horizon is compen- 
sated by the absence of carbonates in the uppe 
horizons). Therefore, we speak of these soils as 
originating from “immemorial” steppes. 

We have not been able to carry out fixed ob 
servations on the migration of carbonates, but. 
the facts indirectly show the presence of such 
translocations. In 1955 effervescence began be- 
tween the middle and lower edge of the humus 
horizon. It averaged 20 to 30 cm. higher than inj 
1956, a wet year, when the beginning of effer- 
vescence coincided approximately with the lower 
edge of the humus horizon (with very small 
variations on either side). Further, in 1955 there 
was observed in all soil profiles an effervescent’ 


0% 


Fie. 2—Content of clay fraction (left) and phys 
ical clay (right) in typical chernozems. 1—Plain\ 
at foot of mountain (Section 293); 2—Piedmon 
(Section 295); 3—Foothills (Section 299). 


DISTINCTIVE CHARACTERISTICS OF TYPICAL CHERNOZEMS 253 
TABLE 2 
Some data from analyses of typical Altai chernozems (ND = not determined) 
1 Exchangeable cations, me. 
| Location and sect. no. Rees Ee Perey acres Bin HERS CO2 , % 

é o pension Ca++ | Mgt | K+ H* | Total 

Piedmont, tilled. 0-10 8.45 OF5a aes none 43.0) °4:1° | 0.7 | ND | 47.9 
Section 295 20-30 Te 0.51 20) none 43-5 | 4.6 |) 0.38) ND» | 48.4 
45-55 6.09 0.48 7.50 0.48 NDGSNDAENDS | ND: ND 

65-75 4.40 0.31 0 1.98 ND | ND | ND | ND | ND 

90-100 1.80 0.21 7.88 5.63 ND | ND | ND | ND | ND 

130-140 0.72 ND 7.82 5.42 ND | ND | ND | ND |} ND 

190-200 0.54 0.12 7.90 5.86 ND | ND | ND | ND | ND 

lain at foot of 0-20 8.80 0.46 6.80 none Sonat 2 ON |) COs Gian Die ete) 
mountain; tilled.) 25-35 7.83 0.44 7.08 none 36220 | 226) 1083) IND) 40 
Section 293 40-50 5.60 0.30 (lee) none S200 ore WO. o) | IND P3si0 
65-75 SSePAlL ND 7.19 none ND | ND | ND | ND | ND 

80-90 116 ND 7.05 0.20 Dey | Wiesel One) \) DUD) |) Bees 

100-110 0.79 ND tly 4.83 ND ND? |) ND} ND VND 

140-150 0.66 ND bod? coy) ND | ND | ND | ND | ND 

‘oothills; tilled. 0-20 9.93 0.55 6.94 none AQ Oi) O20.) eS) Os 25 491.9 
Section 299 25-35 8.01 0.46 7.00 none A5s1 | 9.1) 0-8 | 0.2 | 5522 

‘ 40-50 6.81 ND 7.05 none 45.0 | 2.8 | 0.8 | 0.2 | 48.8 
60-70 4.51 ND 7.16 0.15 ND | ND | ND | ND | ND 

80-90 2.60 ND 7.49 6.00 ND | ND | ND | ND | ND 

115-125 ND ND ND yall ND YD | ND |} ND | ND 

155-165 ND ND ND 5.12 NDC ND AND ND: |) ND 

Piedmont; tilled. 0-20 9.59 0.78 7.07 none 45.5 | 3.3 | 1.0 | ND | 49.8 
Section 287 25-35 6.90 ND teal 0.19 44.9 | 6.6 | 0.7 | ND | 52.2 
50-60 4.25 ND 7.93 1.90 ND | ND | ND | ND | ND 

70-80 1.08 ND ND 4.40 ND | ND | ND | ND | ND 

130-140 0.80 ND ND 5.72 ND | ND | ND | ND | ND 

lain at foot of 0-20 9.77 0.51 ND none OU.) | OL0 ieye |) GNUDY I Zhe) 
mountain; tilled.| 20-30 8.17 0.45 ND none 38.6 | 3.7 | (O29) / ND) 4322 
| Section 167 40-50 5.62 ND ND none 34045 19) h ND eile NDe36.3 
70-80 2.28 ND ND 0.15 29.2 2.8) NDE ND: 32.0 

105-115 1.29 ND ND 8.62 ND | ND | ND | ND | ND 

140-150 0.65 ND ND Wasp ND | ND | ND | ND | ND 


horizon 20 to 30 cm., even greater in thickness 
Ind devoid of any visible segregation of carbon- 
tes. In 1956 it completely disappeared’ and ef- 
lervescence coincided with the beginning of car- 
ponate segregation. © 

The migration of carbonates may be related 
o abrupt differences in moisture received by the 
oil in summers of different years. Thus in the 
owns of Zmeinogorsk and Biisk (in the south- 
vestern and northeastern borders of the sub- 
one) precipitation from May to August, 1954, 
vas 250 and 358 mm. respectively; in 1955, 95 
nd 85; and in 1956 in May and June alone (we 
1ave no later data) 153 and 163. Consideration 
nust be given to the higher evaporation rate 
n dry years. In 1954 and 1956 moisture in the 
upper soil horizons in Zmeinogorsk district was 
igher all summer than in the 50 to 100 cm. 
ayer (where the carbonates appear). In 1955 


*Tt should be noted, however, that the number of 
ections compared to reach this conclusion was 
mall: 8 in 1955 and 12 in 1956. 


it dropped at the middle of June and remained 
low until fall. The diffuseness of the upper 
boundary of the carbonate profile shows an up- 
ward migration of carbonates in 1955. (Table 2, 
sections 295 and 287, in which effervescence 
begins much higher than the horizon with the 
maximum of carbonates). All these data, in our 
opinion, suggest an annual translocation of car- 
bonates in typical chernozems of the Altai. 

Easily soluble salts evidently le fairly deep 
in typical chernozems. Borings in two sections 
(down to 360 and 405 em.) showed no deposits 
of gypsum or other salts. 

Typical Altai chernozems have a_ well-ex- 
pressed large-grained structure‘ which is, how- 
ever, strongly degraded by thorough plowing. 
(Table 3). Most of the fine particles of silt pro- 
duced by destruction of the 2 to 5 mm. fraction 
in the plow layer go into the formation of very 
unstable large clods bigger than 10 mm. The 
plow layer structure has a low water-stability, 
but that of the subsoil is considerably higher. 
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TABLE 3 


Aggregate content of typical chernozems (Size of particles and aggregates in millimeters) 


Air-dried soil In water 
Depth of 
Section No, sample, Q 
cm | >10 | 10-5 | 5-3 | 3-2 Te aoe = | >3 | 32 | 24 Pacmlerece (oan 
293, tilled 0-20 | 37.5) 11.3) 9.2) 7.9 .8| 7.7) 10.0} 6.6} 1.0) 1.7) 6.6} 12.0) 35.9) 42. 
25-35 0:0) 3.7) 28.5) 28.2) 18.1) 7,1) 7.2) 7,2) 8.3) 18.3) 25-0)" S26iisr zie 
287, tilled 0-20. | 21.7] 11.0} 12.8} 13.8] 14.6] 8.7} 11.5] 5.9] 8.2) 13.6} 24.0} 18.0) 13.9) 22. 
25-35 1.0) 9.9] 32.6) 26.7) 15.1) 5.6) 5.6) 3).5) 22.2) (2052) 16220 (O72) a@aei 2am 
266, virgin 0-10 1.2) 21.2) 32.1) 16.5] 11.8) 5.4) 6.4) 5.4) 49.1) 13.9] 10.8) 6.5) 3.3) 16: 


Outstanding for its especially high waterstable 
structure is section 266, which is generally char- 
acteristic of the low mountains of the Altai. 
The varieties of typical chernozems which ef- 
fervesce at the greatest depths (sections 293 and 
167) and are located on plains at the foot of 
mountains have some unique characteristics. The 
conspicuous gap between the ending of the hu- 
mus horizon and the beginning of effervescence, 
and their smaller exchange capacity, make them 
resemble leached chernozems. However, accord- 
ing to all other signs this group is related to 
typical chernozems and is clearly distinguished 
from the leached chernozems of other territories 
by having a weakly acid reaction, noticeable clay 
deposition in the humus horizon, a different kind 
of distribution of adsorbed cations in the profile 
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Fic. 3—Content of COs as percent in typical 
chernozems. 1—Piedmont (Section 295); 2—Plain 
at foot of mountains (Section 293). 


“The formation of soil structure in the adjacent 
western part of the Altai has been considered in 
detail in Sokolov’s monograph (21). 


and, in a number of cases, traces of an admix 
ture of silica. 

On the basis of our information (more tha 
100 determinations of the thickness of the humu 
horizons and about 40 soil profiles with analyst. 
of the humus content) we can subdivide typica 
chernozems of the Altai into three types: ricll 
thick, rich medium thick and medium-humik 
thick.’ The greatest thickness (usually 80 to 90 
cm.) is distinctive of the typical chernozems 0: 
the southwestern part of the subzone. They have 
the lowest humus content (7 to 9%). Rich me: 
dium-humie chernozems (60 to 70 cm. thick) oe- 
cur widely in the northeast (on the plains a 
the foot of mountains). Rich thick chernozems 
(with 9 to 10% humus content and 70 to 90 em 
thick) predominate in the remaining parts of 
the subzone. 

There is a decrease in thickness and an in 
crease in humus content of other subtypes o 
Altai chernozems (from the southern to the pod 
zolized)°, on moving from the southwest to the 
northeast. This indicates noticeable provincia 
differences even within this comparatively sma 
area. 

In comparing typical chernozems of the Altail 
with similar soils of other regions of Siberia, it) 
is not worthwhile considering the southern, so- 
lonetz, solodized, podzolized, “puffed” (meadow 
chernozem soils) or other types of chernozems: 
clearly not similar to those which interest us. 
Leached chernozems (leaving aside the thinnest, 


*TIn accordance with the gradations accepted by 
the Special Group Expedition, working in the Altai 
region in 1954 and 1955, we are including among 
the rich chernozems those with a humus content of 
more than 9%, and among the thick chernozems 
those with a humus horizon more than 70 em. 
thick. 

"This idea is confirmed by a large amount of 
factual material. 


he “pocketed” and the structureless types), with 
ll their variety, differ from the typical cherno- 
ems not only by a definite gap between the hu- 
nus and carbonate horizons but also by the 
yresence of illuvial horizons, a weakly acid reac- 
ion, traces of silica admixture and, in addition, 
y considerably less thickness. 

Let us examine the chernozems described in 
iberia under the designations “ordinary” and 
slightly leached.” Ordinary chernozems are dis- 
ributed on the Western Siberian Lowland, in- 
sluding the foreland of the Ob plateau, and in 
the Minusinsk basin.” 

Among the ordinary chernozems of Western 
Siberia (5, 6) the predominant ones are the 
}hin, structureless varieties occurring in strips 
hind having relict illuvial horizons (residues of 
ast solodization) ; in their properties they are 
remote from the typical Altai chernozems. Ordi- 
ary chernozems of the Ob foreland plateau, not 
yecurring in sharply expressed belts and not 
aving relict illuvial horizons, differ from typical 
Altai chernozems not only in having consider- 
bly less thickness and less humus content but 
Iso by smaller exchange capacity, by a clearly 
expressed maximum of carbonates coinciding 
ith a horizon of white specks—characteristic 
icircular accumulations of carbonates—and, in a 
umber of cases, by the superficial occurrence 
of gypsum. Ordinary chernozems of the Minu- 
insk basin (8), not having deposits of carbon- 
ates in the form of white specks or a pronounced 
maximum of carbonate salts, differ from Altai 
chernozems by their lack of thickness, the abrupt 
ldecrease of humus content and exchangeable ca- 
Itions with depth in the profile, and by a very 
jhigh content of adsorbed magnesium (about 20% 
jof the exchange capacity). According to the con- 
Iditions under which they were formed, “ordi- 
{nary rich” chernozems found in the Minusinsk 
}basin, bear certain characteristics of meadow 
conditions (distribution along the hollows of 
fslopes and terraces above meadows) and are 
jdistinguished by a very sharp decrease of ex- 
Ichange capacity and amount of humus with 
}depth in the profile and also by a high content 
jof adsorbed magnesium (up to 20%). 
| The “slightly leached” chernozems of the 
!Western Salair Foreland (16) and the north- 


“Thin, ordinary chernozems occurring in strips 
(“tongues”) are also encountered at some places 
in islands of forest-steppe in Central Siberia. 
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western Kuznets basin® (8), differ from ordinary 
chernozems by their high humus content and 
from leached chernozems by the absence of il- 
luvial horizons and neutral reaction. They might 
be called representatives of the most continental 
province of the subzone of typical chernozems. 
Characteristic of “slightly leached” chernozems 
is an even lower boundary of the humus horizon 
without pockets or convolutions. This is also 
characteristic of typical chernozems of the Altai 
but not of most Siberian chernozems. However, 
the thinness of the humus horizon (40 to 50 
em.), the sharp decrease with depth in humus 
content and exchange capacity, and the in- 
creased deposition (at least in Kuznets basin 
chernozems) of gypsum, distinguish the “slightly 
leached” chernozems from the typical Altai cher- 
nozems. Somewhat closer to “slightly leached” 
chernozems are the medium-thick varieties of 
typical chernozems with a considerable gap be- 
tween the humus and carbonate horizons. The 
latter varieties are located in the extreme north- 
east of the subzone of typical chernozems on 
the Altai piedmont. 

The belt of typical chernozems is not limited 
to the Altai territory but is also observed in 
Kazakhstan along the western Altai piedmont. 
Typical chernozems of the western piedmont, 
described as “ordinary” (1), “mountain” (15) 
or “thick medium-humic” (21) are characterized 
by great thickness (80 to 100 em.) and low hu- 
mus content (6 to 8%). According to these in- 
dices they are close to the adjoining soils of the 
southwestern subzone of typical chernozems of 
Altai territory. 

Thus, according to existing data, typical cher- 
nozems within Siberia are located only on the 
Altai piedmont and are observed as a discontinu- 
ous 400 km. are from the lower reaches of the 
Ul’ba river to the lower reaches of the Katun 
river. The prolongation of this are in a north- 
easterly direction is the spot of “slightly leached” 
chernozems. According to their properties they 
are evidently related most closely of all the Si- 
berian chernozems to the typical chernozems. 

The typical chernozems of the Altai meadow 
steppe, do not find their counterpart among any 
of the geographically adjacent soils of Siberia, 


S“Slightly leached” chernozems are also de- 
seribed in western Siberia (7). No clear differences 
between them and leached chernozems were noted, 
aside from a less pronounced illuvial horizon. 
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TABLE 4 


Characteristics of the humus profiles in different 
regions of the Altai piedmont 


Northeastern 
Western Northern piedmont at 
piedmont piedmont junction with 
Salair ridge 
Subnse Ss of 4 = = 
ozems > > > A as Bs 
nN eae Ne ee eee gs 
nd aan nod ana n aN 
ae eae al oo. Sosa es. ease 
Hore 2528 Estos oad 5 oes ‘ogo 
q HB q H q a 
Southern 4-5 50-60 5-7 30-40 none 
Ordinary 5-6 60-70 6-8 45-55 none 
Typical 6-8 80-100 | 9-10 70-90 none 
Leached 7-8 80-100 | 9-10 70-90 | 11-13 | 50-70 


but are in many respects similar to the typical 
chernozems of a number of European regions 
of the Soviet Union, which were also formed un- 
der meadow steppes. With respect to thickness 
of the humus horizon and humus content, ex- 
change capacity and composition of adsorbed 
cations, reaction, forms of carbonate separation 
and depth at which salts are deposited, the typi- 
cal chernozems of the Altai are similar to their 
counterpart soils of the Central Russian or Volga 
foreland heights (17, 2, 18, 19, 9). The typical 
chernozems of the Altai are distinguished only 
by their larger, more water-stable structure, by 
the deposit of some clay in the upper part of the 
humus horizon and, evidently, by greater mo- 
bility of the carbonates. 

The differences between typical Altai cherno- 
zems and the chernozems of other regions of Si- 
beria are related to the differences in the condi- 
tions under which they were formed. Because 
it is impossible to consider the entire complex 
of natural conditions of the areas described, we 
will restrict ourselves to the special climatic 
characteristics. Atlantic cyclones, dying away 
above the broad plains of Western Siberia and 
Eastern Kazakhstan, sharply intensify their ac- 
tivity on approaching the Altai piedmont. As a 
result of this the climate of the piedmont is more 
mild and moist. The annual precipitation in this 
subzone is 500 to 600 mm., 1.5 to 2 times as 
great as in the subzone of the ordinary and 
leached chernozems on the Western Siberian 
plains. The total precipitation of the cool half 
of the year (150 to 200 mm. and more) is two to 
three times as great. The average January tem- 
perature in this subzone is —14° to —16°, as 
against —19° to —21° on the adjacent plains. 
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The massive snow cover (50 to 70 em.) in co 
bination with the relative mildness of the winte!] 
temperatures prevents the typical chernozem 
from freezing severely or deeply. The moist ane 
cooler summer keeps them from drying ou 
much. Climatic conditions account for many 0 
the distinctive features of typical Altai cherno: 
zems which are not characteristic of the cherno: 
zems of other regions of Siberia. 
The difference between the typical cherno 
zems of the Altai and their counterparts in the 
European part of the USSR depend precisel 
on the conditions under which they were formed. 
Distinctive features of the structure are related 
not only to the effect of biological factors but 
evidently also to the fine texture of the parent 
material and, possibly, to the climatie condi- 
tions. Clay deposition, as noted before, results 
from slight primary weathering of the loess-like 
material of the Altai deposits. We relate the 
high mobility of carbonates to the sharp con= 
trast of moisture conditions in the summers of 
different years. 
The chernozem zone of the Altai piedmont 
is In many respects a repetition in miniature of! 
the corresponding zone of the European part of 
the USSR (not including its western, most con-. 
tinental districts). All the “zonal” subtypes of 
chernozems from the southern to the podzolized 
and, in addition, clear differences of a provincial! 
type can be found here. On the basis of sources 
in the literature (1, 15, 21) and our own data,. 
we present in Table 4 the distinctive character- 
istics of the humus profiles in the different re-. 
gions of the Altai piedmont (showing the most: 
characteristic average figures) .° 
The table shows clear differences between the 
chernozems in various parts of the Altai pied- 
mont. The question arises: is it possible to relate 
them to a single soil province? Further, does the 
Altai piedmont district of the chernozem zone 
with typical and thick leached chernozems dif- 
fer more abruptly from the adjoining districts 
of the Siberian chernozem zone than do the ad- 
joining soil provinces differ among themselves? 
In conclusion we note that even a brief review 
of the Siberian chernozem zone (including the 
Altai piedmont) convinces us of the enormous 


* We have not considered podzolized chernozems 
because of some contradictory data for the western 
Altai piedmont. 


DISTINCTIVE CHARACTERISTICS OF TYPICAL CHERNOZEMS 


variation of Siberian chernozems, which is quite 
natural for an area so vast and with such vary- 
ing natural conditions. 
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BASIC SOIL GROUPS OF THE DZHUNGARIA AND THE 
ADJOINING TIAN SHAN AND ALTAI MOUNTAINS 


P. S. Panin 


ZHUNGARIA is located between the eastern 
D spurs of the Tian Shan, the Mongol Altai, 
and the Dzhungarian mountains and is one of 
the inland basins of Central Asia. This entire 
district, called Northern Sinkiang, is three to 
four thousand kilometers distant from seas and 
oceans and is in the zone of the Central and Mid- 
dle Asian deserts. This determines the desert 
character of the climate and the low humidity 
of the adjoining regions of the Tian Shan and the 
Altai. The combination of mountain and plain 
relief, the dryness of the climate, and the varia- 
tion in parent materials have caused a specific 
combination of soil types and zones of vegeta- 
tion. 

In this article we will briefly characterize the 
basic soil groups of Northern Sinkiang and give 
their zonal distribution. 

The study of the soils of Smkiang began com- 
paratively recently. In 1944-1945 they were in- 
vestigated by Ma Yun-chzhi (4-7), who devoted 
most of his attention to the mountain soils of 
Tian Shan. In 1956 he described the soil cover 
from the piedmont to the central part of the 
desert depression of Dzhungaria. On this profile 
the hilly piedmont of the Tian Shan and its 
lenticular stone-and-gravel deposits (called lo- 
cally “gobi’) are related to the zone of typical 
and light sierozems in the belt where the ground 
water tapers out; below the belt of gobis may 
be distinguished meadow sierozems; further 
down into the desert there are desert sierozems 
among which are encountered brown solonetz 
soils which the author said “could be takyrs” 
(7). 

In 1949 Sinkiang was visited by the soil scien- 
tist Si Tsen-fan who studied conditions for 
growing kok-sagyz in the basin of the Ili river, 
described meadow and chestnut soils and also 
considered the presence in this region of moun- 
tain chernozems (9). 

Startmg in 1956 the Academy of Sciences of 
the Chinese People’s Republic began composite 
investigations in the mountain region of the Al- 
tai (2). On the preliminary soil map of the 
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southern slopes of the Mongol Altai which was’ 
shown by Prof. Li Lyan-pe at the All-China 
Conference of Soil Scientists in 1956, twelve soil - 
groups and complexes were distinguished. ; 

In addition to the research mentioned aboye, | 
soil investigations have been made in the last 
two years on different parts of the Dzhungaria 
to formulate a plan for using the water of the 
lower reaches of the Urumchi and Manas rivers 
and also to organize state farms. The present 
article also uses data from the author’s personal 
observations, obtained during a two-month stay 
in this mountainous and desert district. 

High-mountain Tumdra Soils. The high- 
mountain tundra lies above the snow line and 
covers the district of perpetual ice and glaciers. 
In the Tian Shan mountains, according to Ma 
Yun-chzhi (5), it begins on the southern slopes - 
at an altitude of 3500 m., on the northern slopes | 
at 3300 m. In the Altai it descends to 3000 and— 
2800 m. respectively. Ma Yun-chzhi notes that 
in this zone is found frost weathering, glacial 
forms of the relief (karri’), rocks and coarse gla- 
cial deposits; only between mountains are small 
spots of shallow soil deposits found. On these | 
deposits primitive high-mountain soils develop. 
Usually such soils are encountered on the south- 
ern slopes, where the snow cover accumulates in — 
small quantities and melts quickly in the hot 
months, while on the northern slopes the snow | 
and ice remain the year round. In this zone and - 
below it near the snow line only lichens and— 
mosses grow (3). The soils under the mossy 
cover have a light-brown coloration and a skele- 
tal sandy loam texture and effervesce weakly 
with hydrochloric acid. Ma Yun-chzhi states (5) 
that in some places these soils are distinguished 
by a thin, dark-brown humus horizon with half- 
decomposed organic residues. The weak leaching - 
and insufficient humification of organic sub-— 
stances of the soils of this zone are undoubtedly - 
explained by the permafrost of the lower layers” 


“Karri are forms of relief containing deep or 
shallow furrows separated by sharp ridges or par- 
titions—Translator. 


f the parent material, which inhibits the de- 
elopment of microbiological processes and the 
ravitational movement of water. 

According to these characteristics, the high- 
ountain soils of Tian Shan and the Altai 
esemble the desert-alpine soils described by Bo- 
ratyrev (1). The desert-alpine soils are dis- 
ributed in the upper belt of the alpine zone— 
elow the snow line. The soils we are describing 
ie higher than the snow line and develop under 
older conditions, possibly with daily thawing 
and nightly freezing during the summer. The 
igh-mountain soils of the Tian Shan and the 
Altai develop under more moist conditions than 
lo the -high-mountain soils of the cold deserts 
of Tibet where there is very low relative humid- 
ty. As a result of this, the ice and snow usually 
sublime and do not wet the soils. 

On the basis of these characteristics, the con- 
itions under which they develop, and their dis- 
ribution, we may call these soils, high-mountain 
undra soils. 

‘High-mountain Soils of the Alpine Zone. 
s we know, the alpine zone lies between the 
now line and the upper boundary of the forest. 
n the Tian Shan mountains the alpine zone is 
ocated approximately at an altitude of 2800 to 
500 m. (5) and in the Altai mountains at about 
400 to 3000 m. (2). The growing period in this 
zone lasts about four months; the rest of the 
ime everything is covered with snow. 

The dryness of the climate of the mountain 
egions of Northern Sinkiang, as mentioned 
above, has made a definite impression on the 
vegetation and soils of the alpine’ zone. Here 
here is none of the luxurious high-mountain 
meadow vegetation which is characteristic of 
imilar zones in the Alps and the Caucasus. The 
plant cover of the alpine zone of Northern Sin- 
kiang has xerophilic characteristics. According 
to the data of Lyu Zhen’-n’ao (3) the following 
species are abundant: Hrigeron pulchellus, La- 
otis glauca, Gentiana algida et tenella, Papaver 
udicaulis, Pedicularis cheilanthifolia, Saussurea 
tnvolucrat, Seseli (Stenocoelium) athaman- 
hoides, Saxifraga hirculus and others. 

In the alpine zone of the Altai grow mosses, 
sedges and grasses (Pidiwm, Festuca, Agropy- 
rum, Agrostis, Aeluropus, Carex). Closer to the 
upper border of the forest, among the annuals, 
are found thorny and ericaceous undergrowth. 
The soils of the corresponding zone of Tian 
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Shan are characterized by a high humus content 
and a gray-brown color (5). In the upper part 
of the zone they are leached and nearer the tree 
line at a depth of 60 to 100 cm. They effervesce 
with hydrochloric acid and have an illuvial car- 
bonate horizon. 

In the alpine zone of the Altai, mountain- 
meadow and mountain meadow-steppe soils are 
distinguished (2). Mountain-meadow soils de- 
velop on the slopes of the northern exposure 
and are about 50 cm. thick. The upper horizons 
(0 to 80 em.) are gray-brown, friable, and con- 
tain peat. Their pH is 5.7. Underneath them 
are skeletal clay loams. On the southern slopes 
the soils are not as thick. Their total peat layer 
is about 10 em. The humus horizon is colored 
brown. The brown color of these soils is ex- 
plained by incomplete decomposition of organic 
matter, and this distinguishes them from the 
deep black mountain-meadow soils of the Cau- 
casus. It was the color of these soils which gave 
Ma Yun-chzhi the reason to call them brown 
mountain-meadow soils. 

Soils of the Mountain-forest and Moun- 
tain-steppe Zones. The zone of mountain for- 
ests on the southern slopes of the Bogdoshan 
range is located at an altitude of 2000 to 3000 
m.; on the northern slopes it is at 1800 to 2800 
m. Ma Yun-chzhi (7) notes that from the lower 
border of the forest zone to 2200-2400 m. mixed 
forest grows, consisting of spruce, Salex, Cineree, 
Sorbus, Betula and others. Above this border 
there are pure stands of spruce (Picea abovata). 
All mountain-forest zones are characterized by 
thick grass cover, as represented by the following 
species: Cladoma fimbriata, Carallochiea innata, 
Gentiana umbelluta, Hieracium wmbellutum, 
Purola unflora and others (3). 

In the mountains of Altai the forest zone lies 
somewhat lower (1300 to 2400 m.), but also con- 
sists predominantly of spruce (2). The moun- 
tain-forest zones of the Tian Shan and the Altai 
do not represent a continuous belt, but rather 
widespread spots of forest, usually on the north- 
ern slopes of individual mountains and ravines 
and encountered very little on the southern and 
eastern slopes. The southern slopes are usually 
occupied by steppe vegetation with rare spots 
of bushes. Such an interrupted structure of the 
forest zone in the Tian Shan mountains is easily 
seen from an airplane over the region from Lake 
Bagrashkul to the town of Urumchi. According 
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to visual estimation, on some mountain ranges 
the forest does not occupy more than 10 to 15% 
of the area. This peculiarity of the mountain 
forest zone has been noted many times by all 
those who have investigated Sinkiang (2, 3, 5, 
7). In those areas where the forest occupies a 
narrow discontinuous belt or is lacking alto- 
gether, a gradual transition is noted from low- 
mountain desert-steppe vegetation to that of 
the high-mountain cold desert steppe. This is 
particularly characteristic of Kun’-lun, where 
the forest zone fades out completely on some 
tracts (sometimes of more than a thousand 
kilometers). This combination of forest and 
steppe has served as a basis on which some in- 
vestigators (2) have designated this the forest- 
steppe mountain zone. 

Two basic soil complexes are distinguished in 
the mountain-forest zone, corresponding to the 
type of plant cover: soils under forests, and soils 
under steppe vegetation. 

In the upper parts of the mountain-forest 
zone the soils are leached of carbonates; in the 
lower parts of the zone under the steppe vegeta- 
tion a morphologically pronounced illuvial hori- 


TABLE 1 


Content of humus and carbonates in the soils of the 
mountain-forest zone 


P. S. PANIN 


Adee eee CO2, ee = f Buses, CO2, 
cm. q) () cm. 0 0 
Meadow-chestnut leached soil, Shrub, dry-steppe soil, 

Section 5 Section 6 
0-15 15.00 | 0.40 0-10 | 5.45 | 1.15 
15-35 3.56 0.52 10-30 | 1.56 | 6.64 
35-50 1.78 0.42 30-50 | 0.81 | 7.15 
50-70 4.82 0.39 50-70 | 0.43 | 5.01 
70-80 2.11 0.69 — == — 
TABLE 2 


Chemical composition of dark chestnut soil 
(Dzhungaria, Sect. 38) 


De Total . Total 
eas. Ly CO2, % pasonbed ene pee 2 
emt in meq. a mm., % 
0-4 12.12 1.28 = 0.270 12.0 
4-12 7.20 | 0.43: || 34.20 = 24.0 
12-20 2.81 0.52 | 27.44 | 0.305 34.5 
20-30 1,84 | 0.51 | 21.36 | 0.315 | 41.9 
30-60 Leb) 22755 —_— 0.465 = 
60-82 ON52) |) 15.22 — 0.180 = 
82-107 0.29 | 10.73 = 0.095 = 


zon of carbonates is observed. In depressed por 
tions of the relief along streams and rivers 
meadow soils are predominant. In the lower par 
of the forest zone south of the town of Tsitai 
an altitude of 1800 m., we described two se 
tions: one in a depression under a thinned sprue 
forest and meadow of mixed grasses (Sect. 5)) 
the other on a southern slope under grasses anu 
xerophilic shrubs (Sect. 6). Below the fores: 
zone a narrow belt of chestnut soils extend! 
which we described as 0.3 km. from the lowe: 
border of the forest (Sect. 38). This belt is nea: 
Lake Sairam-Nur at an altitude of 1990 m. above 
sea level. The soils mentioned are characterizec 
by a dark-brown color, except for the shrul 
dry-steppe soils which were a pale yellow coloy 
with a high humus content (Table 1). In the 
chestnut soils there was a fairly pronounced il- 
luvial horizon of carbonates in the form of “be+ 
loglazkas’”—characteristic circular accumula: 
tions of carbonates (Table 2, Sect. 38). In the 
corresponding horizon of Sect. 6, mealy friable 
concretions of carbonates are observed. 

On the soil map of the USSR (1954) and m 
the adjoining regions around Lake Sairam-Nut 
chernozems are distinguished, and below th 
chernozems, chestnut soils. In this region the 
chernozem zone fades out and disappears com- 
pletely, while the zone of chestnut soils occupies 
a narrow belt closely adjoining the forest zone 

In the mountain districts of the Altai, as i 
the Tian Shan, there is no clear boundary be- 
tween the forest and steppe vegetation. Investi- 
gators from the Academy of Sciences of the Chi- 
nese People’s Republic have established that in 
the upper part of the mountain-forest region i 
the Altai there are widespread spruce, deciduous 
trees and fir. Under these stands mountain gray 
forest soils with the following profile have de- 
veloped: 

A, 0-14 em. Forest litter of needles, interwoven 
roots of grasses and fungal meyoaet occasional 
inclusions of charcoal. Cinnamon-brown color’ 
turning to dark gray with depth; pH, 5.5. 

A, 14-24 em. Dark-brown grayish friable clay, 
loam with gravel; pH, 6. 

A, 24-46 cm. Gray with brownish tinge, gray- 
elly sandy loam with a platy structure; pH, 6 

AB 46-65 cm. Gray-brown clay loam with a 
platy structure; pH, 6. 

B 65-100 em. Beds brown-cinnamon with yellog 
clay spots; pH, 6. 


BC 100-140 em. Yellow-brown structureless clay 
loam with coarse sand below. 
On the southern, eastern, and western slopes 
under shrubs (Spiria lossa, Done seria, Potentina 
flostecosa) and grasses (Acinia Alocinria), and 
in the lower part of the zone Artemisia, moun- 
tain cinnamon-brown leached soils develop— 
which are similar to the cinnamon-brown forest 
soils—with the following profile structure: 

0-14 cm. Dark brown coarse clay loam, cloddy 
structure; interwoven roots; no ef- 
fervescence with HCl. 

14-36 cm. Gray-brown clods of sandy loam with 
gravel; no effervescence. 

36-56 cm. Brown gravelly clay loam with a 
lumpy structure; no effervescence. 

56-90 em. Dark yellow-brownish coarse clay 

loam; no effervescence. 

In the lower part of the zone on northern 
slopes gray forest soils are widespread and moun- 
tain chernozems are found in spots, but on the 
soil map of the Altai they are not shown. On 
the southern slopes there has been development 
of chestnut soils with an illuvial horizon of car- 
bonates below the 60 cm. depth. 

Soils of the Desert Zone. Desert soils in 
north Sinkiang extend up to 1800-2000 m. above 
sea level and occupy the piedmont zone, the low 
mountains, and the entire Dzhungarian depres- 
sion. According to the conditions under which 
the soils are formed and their basic properties, 
three soil groups are distinguished among the 
Dzhungarian desert soils: a) gray-brown; b) 
slight-brown or pale earth-colored; and c) 
brown desert soils. : 

a) The gray-brown desert soils occupy the 
zone of the Tian Shan and Altai piedmont. As a 
result of the dryness of the climate the plant 
cover here is thin and depressed and is repre- 
isented by several species of halophytes and 
bushes. The parent material is composed of 
quaternary alluvial, alluvial-“proluvial’”’ and de- 
luvial deposits, often salinized. Gray-brown soils 
have a gray-brown color and contain 1.4 to 2.5% 
jhumus. Their structure is platy-lamellar, as in 
sierozems. Going downward the color becomes 
lighter and goes over into a light yellowish-cinna- 
mon-brown color of the parent material. In the 
lower horizons of the soils which developed on 
salt-containing parent material the color is 


°*“Proluvial” refers to detritus washed down a 
mountain and deposited at its foot—Translator. 
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TABLE 3 
Content of humus and carbonates in desert soils of 
Dzhungaria 
ap eng Total 
Type of soil, section no. sarnpie, See: CO:, % eles 
cm. @ <0.01 
mm., % 
Gray-brown desert 0-10 | 2.53 | 0.97 | — 
(Tian Shan pied- 10-30 | 2.03 | 4.81 | — 
mont); Sect. 7 30-50 | 1.05 | 5.58 | — 
Gray-brown desert 0-4 | 1.40 | 3.94 | 31.3 
strongly solonized 4-8 | 0.97 | 5.08 | 39.8 
(Tian Shan pied- 8-15 | 0.81 | 5.97 | 46.4 
mont); Sect. 17 15-25 | 0.75 | 4.77 | — 
25-40 | 0.41 | 3.80 | — 
40-70 | 0.26 | 4.40 | 36.3 
Takyr (Dzhungarian |} 0-3 | 0.47 | 3.09 | 59.8 
plain) Sect. 25 3-/ | 0.38 | 3.82 | 75.0 
7-20 | 0.39 | 5.13 | 98.0 
20-26 | 0.39 | — | 99.3 
26-50 | 0.31 | 4.65 | 96.5 
50-80 | 0.39 | 5.68 | — 
Brown desert = 02 665)e25/79 5 
strongly solonized | 10-25 | 0.25 | 3.70 | 25.0 
(Dzhungarian 25-50 | 0.29 | 3.65 || 23.3 
plain); Sect. 21 


darker, but the structure consists of clods. In 
nonsolonized types there is displayed slight 
leaching of the carbonates from the upper hori- 
zons (Table 3, sections 7 and 17). 

In this zone cattle are raised chiefly. The dry- 
farm sowings are very small and irrigated agri- 
culture is limited by the relief and insufficiency 
of irrigation water. 

b) The light-brown desert soils occupy a nar- 
row band in the alluvial fans of the mountain 
rivers and arroyos which are made up of clay 
loam-gravel deposits—gobis. Gobis are located 
between terminal ridges of the piedmont and 
the bands where the ground water tapers out. 
The soils of the gobi belt develop with very 
scanty atmospheric moisture and a deep water 
table under poor plant cover consisting of indi- 
vidual specimens of halophytic plants and scanty 
individual Artemisia shrubs. The upper horizons 
have a light straw-yellow color, a platy-lamellar 
structure, but sometimes a fine-porous spongy 
texture. They contain about 0.5% of humus in 
all, which hardly affects the color. For this rea- 
son these soils are called “light colored earths” 
(“svetlozem”). In the lower horizons below 10 
to 20 and sometimes below 30 to 40 cm. there is 
a large amount of gypsum; the gypsum horizon 
is thick and can often be followed down to 
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depths of two to three meters. Many scientists 
call these soils gypsiferous sierozems (2, 7). 

Below the belt of gobis, in contact with gravel 
and silty parent material of the sloping plain, 
extends the belt in which the ground water tapers 
out. In some spots the ground water emerges 
in the form of springs which, flowing together, 
form small collecting streams. Two reservoirs 
have been built for such water north of Urum- 
chi. In this belt there are many agricultural 
oases and luxuriously developed plant cover, 
consisting predominantly of water-loving plants 
(Tamaria, Phragmites communis, Alchagi, Stipa 
splendeus and others). The soils here have de- 
veloped under the influence of ground and sur- 
face water and are meadow-swamps, meadow soils 
and solonchaks. 

c) On the other side of the belt in which the 
ground water tapers out and down to the sands 
of Dzosotyn-Elisun grow low Holorachne soon- 
garica shrubs among which are found spots of 
saxaul and some species of annual halophytes. 
The water table in this part of Dzhungaria is at 


TABLE 4 


Content of adsorbed cations in the desert soils of 
Dzhungaria (Laboratory of the town of Urwmcehi, 


by a } E 
Sigh i bo | © 4 te ts 
Type of soil, section |= |O}A| 4 H |Ol|s 14 
iS == =| 
n Od fs] 
A” ~| meq./100 gm. soil jas % of total 
Brown desert; Sect. | 0-9 |2.55)1.44| 0.27 | 4.26 |59.9/33.8] 6.3 
22 9-25]1.85)1.76) 0.04 | 3.65 |50.7/48.2) 1.1 
Brown desert 0-5 |1.59)1.12) 1.55 | 4.26 |87.3/26.3)/36.4 
strongly solon- 10-25/4.03]/0.70) 1.50 | 6.23 |64.7/11.2/24.1 


ized; Sect. 21 
Gray-brown desert 0-4 |7.15)0.05) 2.53 


strongly leached; 4-8 |6.70)2.19| 1.90 |10.79 |62.1/20.3)17.6 
Sect. 17 
Takyr; Sect. 25 0-3 |2.70)0.23/10.07 |13.00 |20.8) 1.8177.4 


7-20/4.49/3.40} 3.28 |11.17 


TABLE 5 


Analysis of the water extract of takyr (Sinkiang, 
Laboratory of the town of Urumchi, 1986) 


eel ee 
Type of |S ¢ o|.9.2 tl fe} tl { 
soll [Ag Aree .o] & e) ' ~ t t 
Beg) 6 |e lb) a) S| § 
Takyr, 0-3 | 0.710) 0.007 | 0.110) 0.121) — | 0.080) 0.107 
Sect. 3-7 | 2.370) none |} 0.031] 0.667) 0.881] 0.337] 0.087 
25 7-20] 1.475] traces | 0.037] 0.718] 0.326] 0.075] 0.018 
20-26) 2.870 = 0.037] 0.768) 1.140) 0.467) 0.045 
26-50) 1.195] 0.007 | 0.041) 0.516) 0.385) 0.025} 0.012 
50-80| 1.150} 0.007 | 0.044} 0.398] 0.343) 0.024] 0.049 


P. S. PANIN 


' of Central Asia by an even greater lack of living, 


a depth of 15 to 17 m. Here, there are wide- 
spread desert brown solonized soils and bare’ 
spots of takyr. They both develop on the alluvial 
lamellar deposits. 

The brown desert soils cover a large area. 
They are characterized by a cinnamon to brown; 
profile color and a high degree of solonization.. 
Their upper horizons, down to 5 to 10 em., have 
a flaky structure. Below, there are small com- 
pressed lumps and fissured horizons which gradu- 
ally go over into a light straw-colored or brown 
parent material (Tables 8 and 4; sections 21 and 
22) 

Among the brown desert soils, as noted above, 
are found spots of takyr-like soils and takyrs. 
Dzhungarian takyrs are distnguished from those: 


things. Ephemeral grasses do grow in certain) 
spots on Central Asia takyrs, but they do not 
grow at all on the plains of Dzhungaria. Not 
even algae are found here. The surfaces of the: 
takyrs are dissected into polygonal plates, be- 
tween which are preserved furrows with cracks 
into which clay has been deposited. The surfaces} 
of the takyrs are sometimes covered by a very’ 
thin red-brown coating of clay colloids, lending: 
a shiny gleam to the surface. The upper horizons: 
have a fine-porous structure and decompose into 
structural separates which are elongated along 
the horizontal axis. The structure of the takyrs 
is very dense; they can be pierced with a spade 
only with difficulty; but because of their fine 
structure the walls of the soil section ‘can easily 
be destroyed with a knife. The soils under de- 
scription are strongly solonized and_ salinized 
(Table 5). Their solid residue varies from 0.71) 
to 2.87%, while the amount of adsorbed sodium: 
reaches 18 me., which amounts to 30 to 77% of! 
the total adsorbed cations (Table 4). Every-! 
where among the takyrs are found dead halo- 
phyte bushes and around them small mounds: 
which are subject to washing away. The char- 
acteristics shown refer to the initial stages of 
formation of takyrs and to a radical difference 
between them and the takyrs of Central Asia. 

The most widespread takyrs predominate in 
the belt adjoining the semi-permanent sand) 
mounds of Dzosotyn-Elisun. The sand mounds 
adjoining the takyrs are covered with a solid 
crust 3 to 5 em. thick formed as a result o 
transfer by wind of clayey scales and salts fro 
the surface of the takyr. The clayey scales an 


alts cement the sandy particles together, cre- 
ting a solonetz crust which keeps the surround- 
ng sand dunes from blowing away, and holding 
ack the present advance of the sands onto the 
lains portion of the Dzhungaria. 


Conclusions 


1. The mountain regions of Northern Sinkiang 

re in the zone of the deserts of Central and 
Middle Asia. As a result the dryness of the 
limate makes itself felt and the plant cover 
nd soils develop with imsufficient moisture. 

2. In the high mountains above the snow line, 
igh-mountain tundra soils develop. 

_ 3. In the alpine zone between the snow line 
ind the edge of the forest, brown high-mountain 
neadow soils develop. 

‘4, The mountain-forest zone in the Tian Shan 
ind the Altai is combined with the steppe. The 
orest generally consists of spruce and is lo- 
‘ated in isolated spots on the northern slopes of 
ountain ravines and summits. The southern 
Jopes are covered with mixed grassy vegetation. 
_ Under the forest cover, gray forest and peat 
odzolized soils with a cinnamon-brownish tinge 
evelop. Under the steppe vegetation, cinnamon- 
rown leached and chestnut soils develop. 

5. The desert piedmont of Dzhungaria is 
omposed of gray-brown desert soils, which are 
eplaced by light brown desert soils on the upper 
arts of the sloping plains. On the plains portion 
f the Dzhungaria brown desert soils have de- 
eloped among which are found large islands of 
akyrs and takyr-like soils. 

6. In the zone in which the ground water ta- 
ers out, on the floodplains of the Manas and 
Jrumchi rivers, the soils are predominantly 
meadow, meadow-bog and bog soils and solon- 
‘haks. 

7. The middle part of the Dzhungaria is com- 
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posed of primitive soils 
sands. 

8. On the desert ranges of the eastern spurs 
of Tian Shan, up to an altitude of 2000 m., there 
is a preponderance of mountain stony-marly 
primitive soils. 


on semi-permanent 
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WARPING THE BOGS OF COLCHIS 


A. V. Motsereliya, Poti, Colchian Branch, All-Union Scientific Research Institute for Tee 


and Subtropical Crops 


ONSIDERABLE attention was devoted to warp- 
C ing in planning the project for reclaiming 
the bogs of Colchis, along with other improve- 
ment measures, because conditions were favor- 
able for its successful use in the Colchian low- 
land. It was decided, however, that as we lacked 
sufficient experience in warping, it would be best 
to develop warping on a relatively small area. 
The work would be of an experimental nature 
which would provide opportunity for research. 

An experimental warping plot with an area of 
about 3250 hectares was taken from the vast 
swampy area directly adjacent to the town of 
Poti, where soil reclamation work had begun in 
1925 and where, since 1928, studies had been 
carried on concerning the basic questions of 
warping. Particularly the following items were 
studied: a) subsoil conditions on the warping 
tract; b) the warping capacities of the Rion 
river; c) the working relations of the warping 
canals; d) the nature of alluvium deposition; 
the texture and chemical composition, as well as 
the hydrophysical properties of alluvium; e) 
compaction of the alluvium and deformation of 
the peaty subsoils; f) changes in the relief of 
the tract being warped and other processes ac- 
companying warping; and g) hydrological con- 
ditions in the water intake and so on. 


Natural Conditions in the Warping Tract 


The tract on which warping was to be carried 
out was originally a peat bog in the form of a 
plain with a general slope from north to south 
and a pronounced hillock microrelief. In the 
eastern and western areas of the tract to be 
warped there were two protuberant domes of 
peat. Between these domes, and also between 
the belt along the river and the tract with the 
domes, there was a gully holding the channel of 
the swampy river Shavi-gele. 

At the beginning, the soil cover of the tract 
being warped was represented by alluvial, bog, 
and intermediate waterlogged soil types. The 
greatest part of the tract was occupied by peaty 
soil and subsoil. The thickness of the young, 
shghtly decomposed but strongly waterlogged 


peaty subsoil varied from 3 to 9 m. over the 
whole of the tract. Beneath this lies bog an 
alluvial-bog deposits 0.3 to 2.7 m. thick, while a 
a depth of 5.4 to 8.7 m. below sea level lies ¢ 
compacted, completely mineralized, buried peat! 

The slightly elevated belt along the river was 
occupied by non-bog mixed forest interwover 
with vines. Extending from this belt to the peat 
bog, on alluvial-bog and silt-bog soils there was 
an alder forest strongly interwoven with vines 
and constantly waterlogged. On the peat bog 
carex, cinquefoil, reeds, cat-tails and rushes hac 
developed; on the domes, in addition to carex. 
there were sphagnums and ferns. Young growths 
of alder were found in isolated groups all over 
the peat bog. 


Source of the Warp 


As the source of the warp we used the river 
Rion, which has a well-developed drainage area’ 
acted upon by various topographical, climatic, 
soil, plant, and geological conditions. The river 
has an abundance of water and is characterized 
by non-uniform hydrological conditions. i‘ 

Frequent variations of the water level durin i 
the year are characteristic of the Rion river. Th 
rise of the water level begins at the end of 
February and is related to the melting of snow 
in the drainage basin. The water level reaches 
a maximum in April and May. After May a cer- 
tain decrease in the water level is noted, but as 
a result of rainstorms it still remains high. The 
water level falls slowly and hits the mmimumi 
mark only in September, October, and January, 
although in these months, too, there are some- 
times cases of abrupt rise (Table 1). 

The water level is closely related to the stream- 
flow. According to data from Engineer K. V. 
Chelbin, the average value of the maximum 
streamflow of the Rion river at the village of 
Sakochakidze is 2150 m* per second; it varies 
from 1408 to 2663 m* per second (Table 2). 

According to hydrometric data taken in a 
region near the tract (at the village of Sako- 
chakidze), the Rion carries annually more than 
eleven billion cubic meters of water with an 
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TABLE 1 
Water level in meters of the Rion river by months 
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TABLE 2 


Maximum streamflow in cubic meters per second in 
the Rion river at the village of Sakochakidze by 


high as 2,000,000 metric tons (Table 4). 

A comparison of the water level and the 
turbidity shows that no close interrelation exists 
between them. Sometimes the turbidity is dif- 
ferent at the same water levels. This failure of 
the water levels to correspond with the turbidity 
is natural since the formation of the sediment 
depends on many factors. 

The results of particle-size analysis of the 
suspension of the Rion river shows that. silt 
particles are predominant near the tract at the 
village of Patara-Poti (Table 5). 


History and Short Description of 
the Warping Project 


The plan of the warping project was: 1) to 
bank the tract from the east, south and west; 
2) to lead special canals from the source with 
a maximum flow rate of 160 cubic meters per 
second; 3) to provide regulating gates at the 
heads of canals and spillways in the banks on 
the water intake side. Thus the tract to be 
warped represented a water-collecting basin be- 
ing filled with water rich in suspension and taken 
in from the Rion river through the warping 
canals. According to the plan the tract, after 
warping, was to consist of a surface inclined 


Water level years 
Month Difference me 
Mini- |) Maxi ears 
mum | mum | Mean 
a 
4 ¥ An er ee eee 1928|1929|193011931|1932]1933| 193411935 : 
ecember ; ; ; 5 
January 0.86 | 3.63 | 1.52 ell : i 
February 0.74 | 4.06 | 1.88 3.99 Maximum  stream- |2546/1408|2218/2663|1671/2554| 1843/2360) 2150 
March 1.05 | 4.00 | 2.58 | 3.00 ca | 
April 2.01 | 4.21 | 2.70 2.20 
May 2.23 | 4.21 | 3.23 1.99 
June 2.15 | 4.10 4 2.99 1.95 TABLE 3 
guly t ke pee a aoe Annual volume of flow, load of sediment, and average 
Bi hexaber 0.64 3.49 166 278 turbidity of the Rion river by years 
October 0.57 | 4.21 | 1.44 3.64 : 
November 0.58: | 4:21 | 1.82 | 3.68 ae sr eeg hg Mie Wg Gir ere panded ner 
Annual OnGmuen 2h Dou 3264 os Le ahi tsGas civ eae 
1928 11, 672,900,000 | 11,008,000 | 0.943 
enormous amount of sediment (up to 10,760,000 ae areas Oy enn eons wee 
metric tons; Table 3). : Se 1931 | 12,960,000,000 | 12/889;000 | 0.993 
The Rion has a high relative turbidity over 1932 14, 437,700,000 | 15,765,000 | 1.092 
2 oO ane 1933 12,481,700,000 | 12,720,000 | 1.020 
the course of the year, but in the spring-summer Perennial | 11/470°0007000 | 10°760°000 | 0.938 
period, when there is a high rate of snow-thaw ral 
and rainfall, the siltation rate is especially high. 
Only in April does the load of sediment rise as 
TaBLE 4 


Perennial average monthly sediment by months 


month | Sens | atom | Sint 
December 450,500 || June 1,402,000 
January 348,500 || July 1,096, 000 
February 636,600 || August 487, 400 
March 1,028,000 || September 481,500 
April 2,049,000 | October 492,700 
May 1,762,000 || November 528,700 

TABLE 5 


Particle-size analysis of suspension in percent 


Particle-size fractions in mm. 
Average 
ean 25: 5 1 5 
Pe ORs 0.08 | 0.01 | 0.005 | 0.001 | <0.001 
1.77 2.84) 17.15} 21.46} 19.20) 14.30} 25.05 
2.90 0.14| 7.45) 31.40} 21.07) 24.13] 15.81 
3.89 0.52) 8.64] 39.77) 21.22) 25.15) 14.72 
4.20 0.43) 7.07| 44.15) 17.74) 20.98) 11.23 


downward from the bank of the Rion river on 
the water intake side, with the index mark at 
the banks of the water intake canal 0.9 to 14 
m. above the mean index mark of the water in- 
take canal established by the drainage standard 
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to agree with the index mark of the water level 
in the water intake canal. 

By the beginning of 1928 all the work planned 
for the project had been completed. In February 
of the same year water from the Rion was di- 
rected into the warping tract, and it is actually 
this time which is considered to be the beginning 
of warping in Colchis. 

As a result of the first observations it became 
clear that the project had not taken into ac- 
count all the circumstances accompanying warp- 
ing, so that changes had to be made in the 
hydrological installations and some were even 
eliminated. The method of warping was also 
changed. In order to expedite the process and 
increase the efficiency, the number of canals was 
increased. The period of warping established ear- 
lier, the volume of alluvium for the final warp- 
ing of the tract, and so on, were not adequate. 

Twelve more canals were constructed and 
connected into the network between 1933 and 
1937. By the beginning of 1938, 17 canals were 
in use with an average interval of 300 to 400 m. 
between them. 


Length of time of operating canals (in days) by months 


A. V. MOTSERELIYA 


Study of the warping processes established © 
that the work of the warping canals was fully 
dependent on the hydrologic conditions in the 
Rion river. As a result of frequent floods the 
canals were operated almost continually through- 
out the year. Their action was especially ef- 
fective in spring and summer (Table 6). 

The minimum water level, and the one at 
which the canals could no longer be operated, — 
were: Warping canal No. 1, 1.91 m.; No. 3, 7 
1.46 m.; No. 4, 1.50 m. ! 

The streamflow was also a definite function 


of the water level. 

On the basis of seven years of observation, a — 
maximum rate of flow per second was deter-_ 
mined for the warping canals (Table 7). The ~ 
maximum flow in the different canals was noted 
at different times. This was related to the con-— 
dition of the canals, to their periodic cleaning, © 
and to their readiness for taking in water from 
the source. : 

For a complete analysis of the useful effect of 
the warping canals we cite here data from En- | 
gineer K. V. Chelbin on the volume of flow, the — 


load of sediment, and the turbidity (Table 8).1 


TABLE 6 
Canal No, 1 Canal No. 3 Canal No, 4 

Month : 

Max. 4 Days Max Days Max. Days : 

Max. flow, Max. flow, Max. flow, y' i 

level m. | ™#/°° "|| operated| levels ms | 8° | lonerated| evel aa || 70/900 Ultictancag | 

December 4.09 37.20 8 4.15 78.00 10 3.50 31.30 8 
January 3.46 17.33 3 2.98 14.00 4 2.55 6.60 3 
February 3.90 30.32 6 3.47 32.80 9 3.30 25.00 9 
March 3.94 31.60 16 3.54 36.80 22 3.24 23.40 20 
April 3.95 32.10 23 3.07 44.40 28 3.98 56.00 27 
May 4.00 33.80 26 3.67 44.40 30 4.17 71.60 29 
June 4.11 37.90 25 3.73 48 .00 27 3.68 88.20 26 
July 4.00 33.80 21 3.69 45.40 25 3.48 29.40 23 
August 3.76 25.80 12 3.68 43.00 13 3.41 26.80 12 
September 3.78 26 .60 8 3.45 31.60 9 3.34 24.20 8 
October 4.01 34.30 7 3.70 45.90 G 3.42 27.00 7 
November 4,24 42.60 7 3.88 56.40 8 3.53 31.20 of 
For year 4.24 42.60 162 4.15 78.00 192 4.17 71.60 179 

TABLE 7 
Maximum flow in m’ per second in the warping canals by months 
Months 
Canal No. 
Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec 
1 37.20 | 17.33 | 30.32 | 31.60 | 32.10 | 33.80 | 37.90 | 33.80 | 25.80 | 26.60 | 34.30 | 42.60 
3 78.00 | 14.10 | 32.80 | 36.80 | 44.40 | 44.40 | 48.00 | 45.40 | 45.00 | 31.60 | 45.90 | 56.40 ~ 
4 31.30 6.60 | 25.00 | 23.40. 56.00 71.60 | 38.20 | 29.40 | 26.80 | 24.20 | 27.00 | 31.00 
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TABLE 8 


Volume of flow (m> X 1000), load of sediment (metric tons), and turbidity (grams per liter) by warping 
canal and by year 


Canals 
Year Hydrometric element 
1 2 2a 3 3a 4 5 Total 
1928 Volume of flow 136,581) 16,839) — 107,395) — 63,400} — 324, 215 
Load 325,961) 18,179; — 179,202) — 112,619) — 635, 961 
Turbidity 2.38} 1.07; — 167° 1.78) — 1.96 
1929 Volume of flow 108,665} 58,257) — 134,509) — 78,132) — 374, 363 
Load _ 236,650)110,177) — 299,627, — 162,527, — 808 , 981 
Turbidity 2.18) 2.07) — 2223) == 2 Otte 2.16 
1930 Volume of flow 73,924! 39,709} — 52,972; — 30,948} — 197,553 
Load 181,768} 70,546) — 93,087), — 58,159} — 403 , 972 
Turbidity 2.45) 1.78) — 1.76) — 1.89) — 2.05 
1931 Volume of flow 155,192) — — 117,599) — 56,704; — 329,495 
Load 351,199) — — 183,660) — 98,159} — 633,018 
Turbidity 2.26) — — 1.56) — 1.73) — 1.92 
1932 Volume of flow 294, 054/143,839) — 234,126) — 155,978} — 827,997 
‘Load 791, 839|295,479| — 478,855|. — 310,841; — /1,877,014 
Turbidity ZOO ee OO! ea 2.04, — WOO oe 2.27 
1933 Volume of flow 222,290) 78,028) — 144,029) — 89,839} 87,860} 622,046 
Load 597, 084|142,672) — 259,468} — 160, 998/198, 383)1, 358, 606 
Turbidity 2.68) 1.83) — 1.85, — 1.79) 2.26 2.19 
1934 Volume of flow 117,703] 75,686) 48,946) 154,587) 47,416) 130,853) 65,059) 640,250 
Load | 231, 578)162,527/135,346| 266,622/101,036| 279, 409|127, 150|1,303, 668 
Turbidity OG 215) QenT Mel, Vee 2013 1.96 2.03 
Total Volume of flow 1,108, 409/407, 358) 48,946) 945,217) 47,416) 605,854/152,219/3, 315,919 
Load 2,716, 079/799, 580/135, 346/1, 760, 521/101, 036/1, 183, 124/325, 533/7,021,219 
Turbidity 2.45 1.96 ILE Cile/ 1.87 2.14 1.96 2.12 2.12 
From data in Table 9 we see that in different TABLE 9 


years the same canal delivered different quan- 
tities of water. This is explained by the hydro- 
logic conditions in the Rion river and by the 
condition of the canals themselves. 
According to the hydrometric data and to our 
approximate calculations, during the entire warp- 
ing period beginning in 1928, the warping canals 
delivered about 15 billion m® of water. At an 
average turbidity of 2.12 grams per liter, this 
enormous volume of water delivered about 
32,000,000 metric tons of silt. When large floods 
took place the water poured onto the warping 
tract as a result of the river overflowing its 
banks. It has been calculated that about 
6,000,000 metric tons of silt came in with this 
diversionary water during the warping period. 
A part of the sediment, suspended for long 
periods of time because of its extraordinarily 
great dispersion, did not deposit and was carried 
away from the tract with the drainage water. 
Its quantity was determined to be around 
1,600,000 metric tons at a relative turbidity of 
0.104 grams per liter. Taking this part of the 
sediment into consideration, it can be assumed 
that more than 36,000,000 metric tons of silt 
were deposited on the warping tract altogether. 


Mean values of the physical properties of warp and 
its carbonate content 


o& > erie 
Be| §)es| 2 a 
r o5| 42 aa B = 
Texture type ae £2 Es e gs 2 
Be| 22 |25|2|38| § 
Ba ee Tee ae |e 
Sand 2.05/48 .10)10.22)1.27/2.67|52.55 
Sandy loam 2.65/47.17/10.06]1.13/2.67/57.65 
Coarse clay loam |3.10)54.87| 9.16/1.05/2.70/60.93 
Medium clay loam|3.59/67.20) 8.92|0.83/2.75/69.90 
Fine clay loam 4.10|72.60) 8.70,0.86|2.77|69.00 
Clay 4.55/75.60| — |0.83|2.67/69.20 


Deposition of the suspended material on the 
warping tract took place at the moment the 
water arrived there. Considering the abrupt fall 
in the velocity of the water current in the 
canals, most of the sediment (having larger par- 
ticles) deposited near the canals, while the frac- 
tion with the smaller particles moved farther on. 
As a result of the deposition of clayey material, 
and, to a smaller degree, of the warping, the area 
between the canals at the beginning was pervious 
only with difficulty. The southern and south- 
western parts of the tract were very slightly 
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warped because the water reaching this far con- 
tained mostly highly dispersed material. The 
greater part of the sediment was deposited along 
the warping canals and the channel of the Shavi- 
gele river, as was expected. In general the thick- 
ness of the deposits of warp increased from the 
channel of the Rion river to the valley of the 
Shavi-gele river, in places exceeding 4 meters. 
But once past the water intake, it gradually 
decreased. 

The deposited warp was also non-uniform in 
its texture. In some places, because of a high 
rate of warping, the alluvium was characterized 
by a coarse texture and by complex layer for- 
mation with depth. At greater distances from 
the canals, chiefly fine clay loams and clayey 
material with a uniform profile were deposited. 

At the beginning of deposition the sediments 
of warp were saturated with water, but with the 
course of time they gradually became free of it 
and as a result became more compact. 

In a study of the process of compaction on 
the warp deposits the following was found: 

1) Compaction of the entire mass of the 
warp takes place unevenly. If the mass is uni- 
form in texture the degree of compaction de- 
pends on the age of the deposit. Quicker and 
greater compaction of the surface layer occurs 
than that of the lower layers. If the mass has 
varying particle sizes, then the layer with the 
coarser texture becomes more densely com- 
pacted. 

2) The time of compaction of the warp de- 
pends on texture. Alluvium with fine texture, 
giving a low yield of water, undergoes com- 
paction over a considerably longer period of 
time than does alluvium with coarse texture. 

3) The compaction of warp, especially in the 
lower layers, proceeds very slowly over an ex- 
tremely long period. 

Along with compaction of the warp, settling 
of the underlying peaty subsoil takes place as a 
result of pressure from the warp. The under- 
lying peaty subsoil can contract to a third of 
the total thickness of the peat, and a considerable 


volume of alluvium goes toward filling in this’ 


settling. This explains why it is not possible to 
notice an increase in the level of the surface of 
the land at first, regardless of the deposition of 
warp. 

Regardless of the fact that the amount of 
alluvium deposited is three times as great as 
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what was intended by the project, warping off 
the tract has not yet been completed. Such a 
difference between the actual deposits and those 
originally planned was caused chiefly by this 
unforeseen compaction of peaty subsoil under! 
pressure from the deposited warp. 

On the basis of field and laboratory research’ 
the following types of warp have been distin-| 
guished: sand, sandy loam, coarse clay loam,, 
medium clay loam, fine clay loam, and clays 
Those present in warp in the smallest quan- 
tities are sand and sandy loam. They deposit: 
chiefly in the immediate vicinity of the canals: 
in the form of separate thin lenticular deposits. 
More widespread were the coarse clay loams;. 
they usually deposited in places close to canals) 
among other textural types. The medium clay 
loams were encountered chiefly in thick deposits,, 
but the fine clay loams and clays were found at: 
considerable distances from the canals and inj 
the southern part of the tract. In places where: 
the warping was not complete, the clays and) 
fine clay loams were waterlogged and strongly’ 
gleyed. 

Generally the warp deposits of all thicknesses’ 
had a stratified structure. Individual layers were 
distinguished by their texture; all combinations) 
were possible depending on the character of the 
layer formation. Often, in places, the entire’ 
thickness would consist of four or five layers of 
different texture in which layers of the same 
textural profile would be repeated. Because of 
this variation in textural profile of the warp de- 
posits, it was necessary to compile a map of each’ 
half-meter layer, taking into account inten 
ate layers not less than 25 cm. thick. 

Two main types of warp deposits were dis- 
tinguished according to their profiles: a) deposits) 
of warp with a simple, uniform profile; and b) 
those with a complex, stratified profile. In the: 
first type are warp deposits haying layers of 
uniform texture: sand and sandy loams, coarse: 
clay loams, medium clay loams, fine clay loams,, 
and clays. The second type combines varied de-. 
posits with different textures in each of its 
several layers. For instance, in the top one- 
meter thickness seven basic types are found: 1) 
coarse clay loams; 2) medium clay loams; 3) 
fine clay loams and clays; 4) coarse clay loams 
on clays; 5) medium clay loams on coarse clay 
loams; 6) medium clay loams on fine clay loams: 
and clays; and 7) clays and fine clay loams on, 
peat. 
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For a complete analysis of the warp deposits, 
we give the average values of the physical prop- 
erties, carbonate content, moisture, and so on. 
(Table 9). 

All textures of warp deposits contain a high 
proportion of carbonates and a fair amount of 
phosphorus and potassium. The carbonate con- 
tent varies from 1.63 to 11.40%, while in the 
clayey types the carbonate content is smaller. 
_The content of P.O; varies from 0.11 to 0.29%, 
K,O from 1.51 to 2.28%, humus from 1.11 to 
3.05%. 

Warping is a radical process which in a short 
time can make radical changes in the appear- 
ance of the soil cover and in the whole land- 
scape of the tract being warped. The stagnation 
of the water, the deposition of thick masses of 
sediment, and the duration of these processes 
caused sharp changes in the previously exist- 
ing conditions on the warping plot. This was 
indicated by changes in the plant cover. Because 
the root systems were buried at great depths, 
the native forest which existed in a swampy belt 
‘along the banks of the Rion river completely 
died out. It consisted of alder, ash, elm, beech, 
maple and other tree species. While the warp 
was still semifluid the dominant plants in the tall 
forest were replaced by reeds. After partial com- 
paction of the warp, willows appeared and the 
reeds began to disappear as_a result of the dis- 
appearance of conditions essential for them. 
Consequently, only willows grew on the parts 
where warping was almost complete. 

After warping had been completed on the 
northern part of the tract, alder and Caucasian 
wing nut (Pterocarya fraxinifolia Lam.) devel- 
oped in the thick willow forest. Alder then be- 
came the dominant form, and now in the well- 
developed alder forest only single examples of 

'willow are encountered. Elm and ash have al- 
ready appeared, and, in places, vines have de- 
veloped—wall pellitory, sturdy greenbrier, black- 
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berry and ivy. Grassy vegetation is poorly 
developed in the forest because of the shade. In 
some places grass is entirely lacking. It develops 
more or less where sunlight penetrates through 
the forest canopy. Here the most widespread 
plants are Solomon’s seal (Polygonum hydro- 
piper, L.) and the slender panic grass (Oplis- 
menus undilatifolius [Ard.] P. B.). 

Peat-forming grassy plants are abundant on 
non-forested tracts. They are characteristic of 
alluvial soils along rivers—sweet clover, “suk- 
hunka” (Paspalum digitaria), “rosichka” (a 
weed grass), barn grass, slender panic grass, 
and others. Vegetation established itself in a 
very short time. From the beginning of warping 
to the present, the botanical composition of the 
plant cover underwent radical changes. The most 
stable plant cover proved to be in the places 
where warping was complete. 

Owing to warping, completely new soils with 
different properties were formed compared to 
those existing before warping.. 


Conclusions 


1. Warping is the cheapest and most reliable 
method of reclaiming bogs. 

2. The effectiveness of warping depends on 
the hydrologic relations of the source and the 
method of warping, on the number and func- 
tional status of the warping canals, and on the 
soil and subsoil conditions of the tract. 

3. The greatest effectiveness was shown by the 
continuous method of warping using all floods 
with the result that more water and warp were 
applied. 

4. Acceleration and direction of the warping 
processes were proved to be possible. 

5. Warping improves the sanitary condition 
of the locality. Plant and soil cover changes 
radically and abruptly. 


Received April 28, 1957 


WATER RELATIONS OF CLAY LOAMS ON FOREST 
PLANTATIONS IN THE STEPPE AND FOREST-STEPPE 


A. S. Skorodumoy, Forest Institute at Kiev, Academy of Sciences, USSR 


ome idea of the water relations of soils under 
forest and large forest plantations has al- 
ready been given for sandy soils by the first 
brief investigations of P. A. Kostychev and A. 
Vermishev, by those of A. A. Izmail’skn for the 
oak groves of the Poltava area, by those of G. 
Ya. Bliznin for the widely known Black Forest* 
and of 8. F. Khramov for Veliko-Anadol. 

More profound research into the water rela- 
tions of soils and subsoils in the Veliko-Anadol 
was carried out by G. N. Vysotskii. On the basis 
of this work and data from G. F. Morozov and 
P. V. Ototsku, Vysotsku formulated the doc- 
trine of forest influences. Later he and his stu- 
dents P. K. Fal’kovskii, V. I. Akopov and 
others studied the water relations of the soils 
of forest-steppe oak groves which, together with 
data obtained in Veliko-Anadol, was put into 
general form in his well-known book “The Hy- 
drological and Meteorological Effect of Forests”. 

During Vysotskii’s lifetime and under his in- 
fluence, a broad study of soil and subsoil mois- 
ture was begun by the VNIILKhM (Vsesoy- 
uznyi nauchno-issledovatel’ski1 institut lesnogo 
khozyaistva 1 mekhanizatsiya, the All-Union 
Scientific Research Institute for Forest Econ- 
omy and Mechanization), VNIALMI (Vsesoy- 
uznyi nauchno-issledovatel’skii agrolesomelio- 
rativnyi institut, All-Union Scientific Research 
Institute for Land and Forest Reclamation), 
UkrNIILKhA (Ukrainskii nauchno-issledova- 
tel’skii institut lesnogo khozyaistva i agroleso- 
melioratsi, the Ukrainian Scientific Research 
Institute of Forest Eeonomy and Land and 
Forest Reclamation), BelNITLKh (Belorusski 
nauchno-issledovatel’skii institut lesnogo kho- 
zyaistva, the White Russian Scientific Research 
Institute of Forest Economy) and others. After 
World War II, questions of the water relations 
of soils and subsoils under forest plantations 
were taken up thoroughly and at length by the 
Soil Institute, Academy of Sciences, USSR and 


*In the Ukraine about 55 km. north of Kirovo- 
grad—Transl. 


by the Institutes of Forestry, Academy of Sci-_ 


ences, USSR, and of the Ukrainian and White 


Russian SSRs. Also by the UkrNIILKhA and | 


other organizations. 


Figure 1 shows the areas at which studies were © 
made of the water relations of sandy loam soils © 
and subsoils under forest plantations in the” 
steppe and forest-steppe. It includes almost all | 


portions of the European area of the USSR. 


The result was the discovery of unique char- 
acteristics of the soil water relations in differ-_ 
ent natural zones and their dependence on the 
forest type and the age and density of planting. | 


It is to be regretted that the primary data was 
so little published and was not treated by a 
uniform method. For the value of unavailable 
water to plants some investigators accepted 1.3 
times the maximum hygroscopicity, others 1.5 


times and a third group took the moisture of © 


~ 


the permanent wilting point. Some authors in | 
their work took only the moisture per unit 
volume of soil and did not give the volume 


weight of the soils and subsoils, thus making it | 
impossible to recalculate these data by another - 


method. It was therefore difficult and some- 
times impossible to state the information in ~ 


general form. For this reason, when we compiled — 


E 


a survey of the water relations of the soils in 


t 


different subzones of the steppe and forest-_ 
steppe zones, we were able to use only a part — 


of the published material after recalculating it 


in uniform basis. As a basis we used the results 


of our research (1948 to 1953) on southern 
chernozems (down to a depth of 5 m.) under 
large-scale and strip forest plantations at the 
Vladimirovy Land and Forest Reclamation Ex- 


periment Station in Nikolayev region. We also — 


used the results of observations by Ya. K. 


Zarudnyi, I. 1. Prokopenko, V. I. Slovikoskii and — 
others under the direction of Academician P. S._ 
Pogrebnyak in the Black Forest (1946 to 1951, 


Kirovograd region, southern margin of the for- 
est-steppe), under 21-year-old forest plantings 


and natural oak groves on podzolized cherno-— 
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Fig. 1—Map of the location of areas at which investigations of soil moisture are being 


carried out. I—forest steppe; 


Caucasus foreland chernozem ; V—dark-chestnut soils; VI—light-chestnut soils; 


of the semi-desert. 


zems, dark-gray and light-gray forest soils on 
steep slopes, and on peat-podzolic gley soils at 
the bottoms of hollows. In addition, we used 
data from Bol’shakov (5)°, Pogrebnyak, Skoro- 
dumoy et al. (10), Fal’kovsku (15), Zonn (8, 
9), Afanas’yeva, Karandina et al. (2, 4), Sko- 
rodumoyv (15), and Serebryakova (13). 
Table 1 shows the results of the principal 
research on large-scale artificial plantings and 
natural forests outside the influence of the for- 
est margin on clay loams or clays, mostly silty 
soils. 

The greatest depth to which the soil becomes 
wetted is noted in the dark-gray forest soils of 
Trostyanets, the least in the southern cherno- 
zems of the Vladimiroy Forestry Tract, where 


?The bibliography shows only a part of the 
basic and subsequent papers used in the prepara- 
tion of this article. 


IJ—ordinary chernozem; IIJ—southern chernozems; 


TvV— 
VII—Zone 


the snow cover is thin and brief. There is fairly 
deep wetting of the southern chernozems in the 
eastern steppe zone (Derkul, Kozlovskii Forest, 
Belyie prudy) where the snow cover is thicker 
and lasts longer. 

The depth of wetting varies in different years, 
like the weather. The minimum values are 1.8 
o 2.6 times as small as the maxima and some- 
times even 3.2 times as small. The peat-podzolic 
gley soil on the bottoms of hollows in the Black 
Forest is sometimes wetted only to a depth of 
35 em. because of its poor physical properties, 
in spite of the fact that it receives surface 
runoff and that the water table is not deep. 
Plantations here should be classified with the 
moist oak stands, since the ground water is 
usable. The example given shows how variable 
the water relations can be under actual natural 
conditions. In general there is greater wetting 
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of the soil by precipitation in the forest-steppe 
and the eastern part of the steppe than in the 
estern part. 

The accumulation of water in the fall-winter- 
pring period in the top two meters of the soil 
and subsoil decreases from the forest-steppe to 
the steppe. It is 50 to 70 mm. greater in the 
Black Forest than in the Vladimiroy Forestry 
Tract. A considerable accumulation of water in 
the soil is observed at Derkul. In dry years the 
accumulation of water im the forest-steppe is 
sometimes 8 to 12 times as small as in years 
with a large amount of precipitation. If a com- 
parison is made of the accumulation of water 
in a layer of soil greater than two meters, the 
difference between the dry and wet years be- 
comes even more abrupt. Only in the Kursk 
reservation 1s the accumulation of water in the 
soil always greater because of the runoff of sur- 
face water from higher-lying fields. On the 
steppe such great differences in the accumula- 
ion of moisture in the soil in the fall-winter- 
spring period are not seen in wet and dry years. 
In determining the available water in the 
soils we took as the lower limit of available 
water to be 1.8 times the maximum hygroscopic 
coefficient and in some cases the moisture at 
wilting which, in general, is close to the amount 
of unavailable water to plants. Data for com- 
parison with this were recalculated from various 
sources. 

In the forest-steppe in spring, the amount of 
water available to plants in the top two-meter 
layer of soil and sub-soil is considerably higher 
(363 to 436 mm.) than in the steppe (211 to 
287 mm.). Thus, in the soil of the Black Forest 
this amount of water was 40 to 75 mm. greater 
than in that of the Vladimirov Forestry Tract. 
Only in occasional moist years does the supply 
fof available water in the steppe reach values 
which are noted on the forest-steppe in dry 
years. In moist years the supply of available 
water in the top two-meter layer of the soil and 
subsoil is not more than twice as great as that 
in dry years. 

Thus, for the accumulation of available water 
in the soil a pattern appears which differs from 
that of the accumulation of moisture in the cold, 
more variable portion of the year. This is ev- 
idently because in the fall of moist years, the 
remainder of the available water is preserved 
in the soil; thus the storage is greater in spring 
and fluctuations in different years are reduced. 
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By fall, in the soil and subsoil on the forest- 
steppe, much more unused but available water 
remains (123 to 242 mm.) than on the steppe 
(4 to 42 mm.). For this reason, in the forest- 
steppe even when there is comparatively little 
precipitation in the cold portion of the year, 
the spring saturation of the soil is deeper and 
the storage of available moisture to plants in 
spring is greater. 

It often happens on the steppe that by fall 
no available water is left in the top two meters 
of soil and subsoil, not only in dry years but 
even in years when the first half of the summer 
is wet. 

In steppe and forest-steppe soils under forest 
plantations there is always an impervious ho- 
rizon with a low, slightly varying moisture. In 
the southern chernozems of the Vladimirov 
Forestry Tract under large-scale plantation, the 
upper border of this horizon (that is, the layer 
with a wilting moisture content of 14% and 
below) lies at an average depth in spring of 
309 em., but in the fall it is at a depth of 15 to 
40 cm. In years with a greater amount of pre- 
cipitation, the moisture content of the imper- 
vious horizon in spring may mcrease somewhat, 
but even in these years this horizon remains 
drier than those above and below it. In spring 
on the podzolized chernozem and dark-gray 
soil of the Black Forest, the upper boundary 
of the impervious horizon is not much deeper 
(average depth 305 to 346 cm.) while in the 
light-gray forest soils it is even closer to the 
surface (255 em.). In contrast to the southern 
ehernozem of the Vladimiroy Forestry Tract it 
comes only slightly nearer the surface in fall. In 
the dark-gray forest soils of Trostyanets, this 
boundary lies at a depth of about 3 m. 

It seems to us that the association between 
the upper boundary of the impervious horizon 
and a definite depth (about 3 m.) under differ- 
ent climatic conditions is not just a coimeidence. 
It is possible that this association 1s connected 
with temperature conditions in the subsoil and 
with the movement of water in vapor form up- 
ward from below in the cold portion of the year. 

The impervious horizon in the southern cher- 
nozem of the Vladimiroy Forestry Tract is not 
thick (in spring up to 120 em., in fall from 240 
to 410 cm.); in the dark-gray soil of Tros- 
tyanets, according to Fal’kovski’s data (15), it 
is 7.2 m. (evidently in the fall). The low thick- 
ness of the impervious horizon in the Vladimiroy 


274 


Forestry Tract is evidently related to the 
flatness of the area, the relatively superficial 
water table (8 to 10 m.) and the absence of 
sandy interlayers make possible the very slow 
movement downward of film water to the im- 
pervious horizon (12). This is more probable 
since the capillary rise in the loess-like clay 
loam of the Vladimiroy Forestry Tract sup- 
posedly reaches 225 to 375 cm. and the gap 
between the capillary fringe and the impervious 
horizon amounts to a total of 200 to 450 cm.; 
the moisture of this horizon is close to the 
minimum moisture capacity. 

The Trostyanets area is thoroughly drained 
by deep hollows and gullies which, in depressed 
areas, go even into the forest, so that the ground 
water here is at a depth of 40 to 60 m. and 
cannot exert any material influence on the im- 
pervious horizon. 

The moisture of the impervious horizon in the 
Black Forest (absolute value, 8 to 10% rela- 
tive value, 35 to 43%) is less than that in the 
Vladimirov Forestry Tract (11 to 13% and 50 
to 59%, respectively). In the Trostyanets area 
the impervious horizon has a higher moisture 
content (12.5 to 14%) and considerably greater 
thickness than in the Vladimiroy Forestry Tract. 
Evidently the thick root system of the oak 
stand dries out the subsoil more thoroughly 
than ean the less developed root system of the 
oak plantations of the steppe. The water rela- 
tions of the topsoils and subsoils of the steppe 
under large forest plantations and of the forest- 
steppe under oak stands should be included 
with the impervious (unpercolated) type. In 
Trostyanets even in the wettest years the depth 
of wetting did not exceed 4 m., while in the 
Black Forest at the southern margin of the 
forest-steppe it was 225 em. The periodically 
percolated. type of water relations in the top- 
soils and subsoils of the forest-steppe is observed 
only at the edge of the forest. For southern 
chernozems, even at the edge of the forest, the 
nonpercolated type of water relations is char- 
acteristic. In this respect the southern forest- 
steppe is more like the steppe than like the 
forest zone. 

For the forest of the Kursk Reservation the 
soil and subsoil water relations are character- 
istically periodically percolated, since they re- 
ceive the surface runoff from higher-lying fields. 
In the northern part of the forest-steppe the 
water relations of the soils and subsoils may 
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also have that character, but we have not found 
published data in this field. 

The total water loss from the soil during tHe 
growing period is mostly loss from water stored 
in the spring and from precipitation reaching 
the soil in the summer. This calculation is true 
only if no observation has been made of runoff 
or influx of surface or soil water from the side} 
of the movement of moisture from the root! 
layer of the soil to a lower, remote layer of the! 
subsoil or of the movement of water in any 
form upward from below. Under field condi- 
tions this calculation is permissible only for soils 
of almost level areas which have adequate per- 
meability but which are not, in spring, saturated. 
with water down to the water table (which is 
at a depth where it is inaccessible to the roots). 
On forest plantations where forest litter is pres+ 
ent and there is good permeability of the soil, 
such a calculation may, also be used for slopes 
where there is no surface or subsurface runoff. 

Calculation of the loss of water from the soil 
may be carried out for layers of any thickness, 
but it is desirable to include the entire thickness 
accessible to the roots (not less than 2 m. or, 
on the forest-steppe, 4 m.): this makes it pos-' 
sible to establish the total loss of water from: 
the topsoil and subsoil. Different authors caleu~ 
late differently the total loss of water from 
soils under forest plantations, natural steppe 
vegetation and crops. This means primarily that, 
many investigators take their precipitation data 
during the growing season from the nearest 
field weather station. They include the same 
values for effective precipitation in the total 
water loss from soils under forest plantations 
and under farm fields. They do not consider th 
different retention of precipitation by different 
types of vegetation or rainfall of less than 10) 
mm. per ten days; or, they consider 60% of the: 
summer rainfall (3). 

Bol’shakoy and Gertsyk (5) also took 60% 
of the summer rainfall as the effective precipita-| 
tion and paid no attention to the different re 
tention of precipitation by the crowns of trees: 
and the steppe vegetation. Later, Bol’shakoy (6)/ 
took into consideration as much as 80% of the 
summer precipitation. q 

The most correct method for calculating the 
total water loss from soils under forest planta 
tions is to include the precipitation measured 
directly beneath the canopy of the trees (7, 14), 
and to measure on fields all the precipitation’ 


hich falls. Popov (11) imphes that effective 
recipitation means that part of the precipita- 
ion which may be used by plants through 
heir root systems. “However,” he writes, “even 
hose small quantities of precipitation which 
fall only on the surface of the soil and on plants 
and quickly evaporate into the atmosphere can- 
not be recognized as completely useless to plants, 
since, in any case, they lower the temperature 
of the uppermost soil layer and the temperature 
of the plants themselves. This may be of great 
importance for the plants, and in some cases 
the precipitation may cause retention of mois- 
ture in the upper layer of the soil.” The ratio 
of the .effective to the total precipitation was 
called by Popov the coefficient of effective pre- 
cipitation. For Odessa, on the steppe, it is 
0.20, while for Mleyey, on the forest-steppe on 
fall-plowed fallow, it is 0.25. For early spring 
crops it is 0.30. Alpat’yev (1) considers that 
fundamentally the agricultural evaluation of 
ummer precipitation can be subjected to the 
following criteria: the soil-moistening effect of 
precipitation, the range of moistening or drying 
out of the upper layer of the soil, and the bio- 
logical effect of the precipitation. In the steppe 
zone the upper level of the root system of crops 
is 3 to 5 em. deep. The moisture lost in wetting 
this layer is considered by Alpat’yev to be in- 
effective. By “range of moistening” he implies 
the difference in stored moisture not yet ‘as- 
similated by the roots of the layer from the 
time of precipitation to the moment when the 
next precipitation begins. On the steppe the 
range of ineffective precipitation ,amounts to 
6.2 mm. (2.8 to 8.8), while the percentage of 
this which takes part in the water balance of 
the crops amounts to 30 to 35%. 

In calculating the water loss from the soil we 
consider it impossible to exclude “ineffective” 
precipitation which moistens the upper 3 to 5 
em. of the soil, since it causes vigorous biological 
processes in the top soil horizon. This is very 
important even when the processes take place 
only briefly, as in the southern Ukraine. It is 
necessary to moisten the upper layer of the soil 
so that water can reach the lower horizons. 
Then nutrients can be washed down from the 
upper horizon to make possible an exchange of 
air between the soil and the atmosphere and a 
number of other processes in the soil. To this 
must be added the fact that plants are capable 
of absorbing a certain quantity of moisture 
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through the surfaces of the leaves. The moisture 
evaporating from the surface of the soil in- 
creases the absolute and relative moisture of 
the air. This decreases the transpiration and 
acts favorably on plants. The moist air just 
above the surface of the soil stops further evap- 
oration from the soil surface. For this reason 
we recalculated the data of Afanas’yeva and 
Bol’shakovy (up to 1956), excluding only 20% 
of the precipitation. 

Forest soil, shaded by the canopies of trees 
and protected by the forest litter, uses precip- 
itation from its surface and even that in the 
litter more effectively than does the soil of fields, 
even though the forest soil does not receive a 
certain quantity of the precipitation intercepted 
by the canopies of the trees. A different role is 
played by that part of the precipitation inter- 
cepted by grasses in the forest and the crops. 
Evaporating in the immediate vicinity of the 
soil and moistening the layer of air above the 
soil, this moisture causes a kind of transitional 
layer between the soil and atmospheric moisture. 

The total loss of water from the soil is most 
often determined according to the greatest stor- 
age of water in the spring and the least storage 
of it in the fall. Here, the loss of water from the 
soil in early spring or late fall is not considered, 
because the intake of water is usually greater 
than the loss. 

Let us turn to Table 1 and consider the ele- 
ments of moisture loss by forest plantations on 
different tracts of the forest-steppe and steppe 
zone. The loss of the spring storage of moisture 
from the top two-meter layer of the topsoil and 
subsoil is, in general, greater on forest-steppe 
than on the steppe. However, on the steppe the 
moisture loss from the soil in wet years and in 
some cases even intermediate values of moisture 
losses are close to the average moisture loss in 
the forest-steppe. Under prolonged observation, 
a great difference emerges in the loss of the 
spring storage of moisture from the soil in dif- 
ferent years (in Trostyanets the maximum was 
4.7 times the minimum). With respect to the 
large loss of the spring storage of moisture and 
the considerable amount of precipitation, the 
total loss of moisture during the growing period 
is greater on the forest-steppe than on the 
steppe. In some years the total loss of soil mois- 
ture varied by 1.6 to 2.2 times and sometimes 
even by 4 times (Kamyshin). The participation 
of the spring storage of moisture in the total 
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loss from the top two-meter layer of the top- 
soil and subsoil in the forest is always a little 
more than 50%. On the eastern part of the 
steppe it is still higher (61 to 77%) as a result 
of the greater thickness and persistence of the 
snow cover. 

It must be considered that the total loss of 
moisture by farmland will exceed the total loss 
of water from the soil by the amount of pre- 
cipitation retained by the vegetation. In order 
to determine which type of vegetation causes 
the greatest increase in the soil moisture cycle, 
consideration must be given to the amount not 
only of water which accumulates in spring, but 
also of the total loss of water during the grow- 
ing season, including the precipitation reaching 
the soil surface. If it is necessary to determine 
the role of the different crops in the moisture 
cycle of the atmosphere, then a comparison is 
made of the total losses of water by farmland, 
the destination of the total moisture lost from 
the entire layer of the topsoil and subsoil which 
is accessible to the roots, and the interception by 
the vegetation. There is usually a parallel re- 
lation between the two types of total losses of 
water. 

In establishing the total loss of water by 
farmland, consideration of the moisture cycle 
must not be restricted only to the top two- 
meter layer, but must encompass the entire 


TABLE 2 
Loss of water by forest, in millimeters . 
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thickness of the soil in which the movement 0! 
water takes place. However, our data and tha 
from the literature allow us to make a compari. 
son only for a four-meter layer which completely 
encompasses the root zone and either fully o: 
partially encompasses the impervious horizon: 
known to be characterized by moisture conten’ 
which changes only slightly. 

Primarily, it is the loss of moisture from the 
subsoil at depths of 2 to 4 m. which should be 
considered (Table 2). This loss varies widely 
according to weather conditions in differen® 
years. There are some years when the storage 
of moisture between 2 and 4 m. not only does 
not decrease by fall but even increases. The 
average loss from the deep horizons of the sub- 
soil does not exceed 35 mm., often decreasing 
to as low as 6 mm., while in the Vladimiroy 
Forestry Tract there is an average increase ir 
the moisture content of the impervious horizon 
after the spring-summer-fall period. Finally, the 
data from Derkul, covering a period of one 
year, cannot be used to characterize average’ 
conditions. The maximum values of the mois~ 
ture loss from the deep layers of the subsoil are} 
observed in years with a dry growing period;| 
they reach 50 to 70 mm. and sometimes even) 
140 to 181 mm. The greatest intake of wate 
by the deep layers of the subsoil during the} 
growing period is 20 to 40 mm., sometimes 


Geographic location Kind of soil 


Character of forest plantation 


Loss of spring Total loss 


storage of moisture 
from layer 2 to 
4m. depth 


From layer 2 


meters depth By farmland i 


Min. | Max.} Av. | Min.| Max.) Av. | Min.| Max. Ay. | 


Vladimirov Southern cher- 


Forestry nozem 
Tract 
Derkul Ordinary cher- Same 
nozem 
Kozlovsk Same Same 
Forest 
Same Same Same 
Kursk Reserva- | Thick cherno- Natural forest 
tion zem 
Trostyanets Dark-gray forest | Same 


Black Forest Leached cherno- 


zem 

Same Podzolized cher- | Natural forest 
nozem 

Same Dark-gray forest | Same 

Same Light-gray forest} Same 


Artificial, large scale 


Artificial, large scale 


+58} 27|+-7 | 254) 410) 320) 290) 432) 355% 


81 452 5945 

+28) 70) 6 | 265) 355} 297) 265) 378] 329) 
+21) 140) 33 | 239) 292) 266) 246) 411) 325: 
+66) 156) 63 | 424) 612) 511] 528) 776 640 
+40} 181) 33 436) 641) 563) 
+30} 51) 13 | 382] 615) 468} 405) 654) 534! 
12} 59] 35 | 288) 638] 479] 388] 719] 568% 
+69) 28)/+4 | 307| 640) 442) 369) 640) 491) 


+10; 16) 7 | 341) 576) 453) 400) 660 513) 


| eaching 58 to 69 mm. The total loss of mois- 
fure by a forest is greater than the total loss 
f moisture from the top two-meter layer of the 
Foil not only by the amount of interception by 
he crowns but also by the amount of water 
Which increases or decreases in deep horizons 
f the subsoil. 

If we disregard the single year of data for 
erkul, it is fully evident that there is a con- 
iderably greater loss of water (by 150 to 200 
nm.) by the forest in the forest-steppe than 
hat of the steppe, since the oak stands of the 
jjorest-steppe are usually not under site class IT 
fn quality, while the oak plantations of the 
teppe (excluding lowlands) are not above site 
‘lass III in quality. 


Conclusions 


1. The moisture cycle in the topsoils and sub- 
oils under forest plantations im the forest-steppe 

considerably greater than on the steppe, that 
, both the intake and loss of moisture from the 
‘oil in the former zone are greater than in the 
Vatter. 
) 2. The moisture cycle in the atmosphere in 
Yorested areas of the forest-steppe is 150 to 200 

. greater than that of the steppe. 

3. An insufficient supply of water to the soil 
auses lower productivity of oak plantations on 
Whe steppe than of oak stands in the forest- 
steppe. 

4. In the steppe area the moisture cycle in 
he soil under forest plantations decreases from 

brdinary chernozem to dark-chestnut soils, but 

here are a number of exceptions. ’ 

5. The water relations of the topsoils and sub- 

souls under large-scale forest plantations and oak 

stands of the southern part of the forest-steppe 

should be included among those of the non- 

‘Hoercolated type. 

Received June 28, 1957 
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HE year 1958 marks the 125th anniversary of 
the birth of the eminent American scientist, 
. W. Hilgard, professor at the University of 
Palifornia, and founder and first director of the 
alifornia Agricultural Experimental Station. 
ilgard’s name is known to every soil scientist 
nd agronomist. His memory is deeply honored 
yy the scientific agricultural circles of various 
sountries. He taught many generations of Ameri- 
an soil scientists and agronomists and was a 
fellow of the National Academy of Sciences in 
Washington. Even in 1912, during Hilgard’s 
ifetime, a bust of him was installed in the Agri- 
cultural College of the University of California 
n Berkeley with funds collected by students and 
faculty of the College. For many years the Cali- 
fornia Agricultural Station has issued a series of 
tudies developing the scientific legacy of this 
cholar under the general title of “Hilgardia.” 
E. W. Hilgard completed his university studies 
in 1853 at Heidelberg. By 1855 he was working 
is a geologist in the state of Mississippi. In 1857 
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he was engaged in the study of geology of soils, 
and also of the agriculture of the state of Missis- 
sippl, which served as the turning point in his 
conversion into a soil scientist. 

From Hilgard’s pen have come hundreds of 
scientific works and papers published over the 60 
years of his activity. Of these the principal ones 
are “The Influence of Climate on the Formation 
and Composition of Soils” (10), “Nature, Value 
and Utilization of Alkali Lands and Tolerance 
of Crops for Alkali” (11) and the general mono- 
graph, “Soils; Their Formation, Properties, 
Composition and Relations to Climate and Plant 
Growth in the Humid and Arid Regions” (12). 
Works by Hilgard appeared continuously from 
1878 to 1898 in “Forschungen auf dem Gebiete 
der Agrikulturphysik” published by Wolni in 
the reports and bulletins of the California Ex- 
perimental Station, and in other scientific jour- 
nals of America and Germany. Translations and 
reviews of his work were published in the Rus- 
sian “Journal of Experimental Agronomy.” The 


‘translation of the work “Nature, Value and Uti- 


lization of Alkali Lands” was accompanied by 
the editorial comment: “We present the trans- 
lation of Hilgard’s paper almost without abridge- 
ment of any kind, haying in view the ever-in- 
creasing interest among us in solonetz soils and 
also the extreme poverty of the Russian litera- 
ture on this problem (3).” 

The works of Hilgard, like the works of Doku- 
chayey and Sibirtsez, played an indispensable 
part in the theoretical foundation of modern 
soil science and scientific agronomy, leaving a 
deep historical imprint in the science. 

In research on the role of climate in soil for- 
mation (10), Hilgard attached preeminent im- 
portance to the influence of temperature and 
moisture. Later, in his monograph “Soils” (12) 
he also noted the influence of rock composition 
on the fertility of the soils formed from them 
and the role of topography. He particularly 
emphasized the significance of plants in soil for- 
mation. “The formation of a soil,’ wrote Hil- 
gard, “begins from the moment of the settling 
of lower plants on the surface of rocks, first 
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of lichens, later of mosses and ferns; the action 
of plants is accompanied by the action of in- 
numerable bacteria and molds.’ However, he 
attributed the leading role in soil formation to 
climate. 

He divided all soils into two basic groups ac- 
cording to their moisture content: soils of humid 
regions and soils of arid regions. A group of 
transitional soils was also separated. On this 
foundation Hilgard composed a summary table 
of the average data on the chemical composition 
of the soils of the different groups, based on the 
results of analyses of 696 soils from humid re- 
gions, 573 soils from arid regions, and 178 
transitional soils. In the soils of arid regions 
Hilgard noted the predominance of physical 
weathering, slight formation of clay and humus, 
and the slight role of leaching processes. All of 
this leads to the fact that soils of arid regions, 
according to Hilgard, are always distinguished 
by sandiness and siltiness, low humus content, 
and high electrolyte content. In soils of humid 
regions, where, according to Hilgard, chemical 
weathering is of predominant significance, a 
markedly higher content of silica and aluminum 
oxide soluble in acids and sodium carbonate was 
noted. He considered humus only as a product 
of the decomposition of plant residues under 
the influence of microorganisms; the humus con- 
tent depends on the content of those substances 
from which the humus was formed. 

Hilgard distinguished saline soils and soils of 
the tropical zone. He also divided soils of the 
tropics into three groups according to type of 
humidification. Hilgard considered it necessary 
to give different practical recommendations for 
the tillage, fertilization, and reclamation of soils 
of different regions and groups. To his mono- 
graph were appended practical suggestions on 
methods of field investigations of soils and on 
the selection of soil samples, and he described 
methods of chemical analysis. 

Hilgard devoted much attention to the com- 
position and condition of the plant cover as an 
indicator of soil fertility. One of Hilgard’s first 
papers on the soils of the Mississippi basin 
was devoted to this problem. He studied the ash 
content of the plants. 

Hilgard preferred to describe soils in vertical 
section and as early as 1860 he was close to an 
understanding of the processes of eluviation 
and accumulation of iron compounds. This proc- 
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ess he called “lixiviation”’—eluviation—a con-} 
cept which has been kept to the present day 
in the literature on weathering and soil forma- 
tion (verbal communication, H. Jenny, 1957). 

Hilgard dealt almost not at all with questions 
of soil classification. He considered it possible 
to classify soils only according to the type of 
deposition of parent material as residual, col- 
luvial, alluvial, and eolian. In a special report! 
on the classification of soils at the International: 


maturity of compiling a general classification 
of soils and considered that, for the time being, 
only the compilation of a regional classification 
was feasible. For compiling a table of soils it 
was necessary, in their opinion, to take into ac- 
count the totality of such factors as climatic 
conditions, chemical and physical properties of 
soils, lithology and type of formation of de- 
posits, soil color, and type of vegetation. Hil- 
gard and Loughridge pointed to the necessity 
of calculating the properties not only of the 
upper humus layer, but also of the subsoils, 
giving attention to the physical properties. How- 
ever, they stressed that individual physical on 
chemical properties cannot serve as the basis 
for a classification of soils. A genuine scientific 
classification must present a many-sided charac- 
terization of soils which will also reflect their 
usefulness and value for agriculture. Hilgard 
and Loughridge thought that the principal goa! | 
of the International Agrogeologic Conference of 
1911 was the establishment of uniform accept- 
able methods of soil research (physical, chemical,! 
biological) through the adaptation of an bg 
lutely definite uniform terminology. These rec- 
ommendations, of course, are just as significant 
today. 
Russian soil scientists and agronomists knew 
and valued the works of Hilgard. V. V. Doku- 
chayey and N. M. Sibirtsevy mentioned his name’ 
in their lectures. Sibirtsev repeatedly noted (5— 
8) that Hilgard and his school in soil science’ 
had many general features and scientific beliefs 
which were analogous to those of Dokuchayevian 
soil science in Russia. However, he wrote:’ 
“",. what is one-sided, incomplete, and vague i 
the case of Ramann, Hilgard, and other western! 
scientists was thoroughly developed far earlier 
in Russia, from the conceptual and factual stand- 
point, in the classification of Dokuchayev.” (7). 
Glinka, in his book “Soil Science” (4) often 


alludes to the opimion of Hilgard on various 
questions. Glinka attached great importance to 
ilgard’s ideas on the role of the moisture of 
he climate in soil formation. But he considered 
hat, “Hilgard’s analyses with respect to the 
oils of North America do not contribute any- 
hing essential to a notion of the process of soil 
formation, since it was the superficial horizons, 
or the most part, which were analyzed” (4). 
The progressive ideas of Russian genetic soil 
cience influenced both Hilgard and his students. 
Kellogg (15) wrote in 1957 that, because of 
the “language barrier,” the brilliant school of 
oil science which developed in Russia around 
1870 under the leadership of V. V. Dokuchayey 
id not become fully known in Western Europe 
nd America until 1914, through the book of 
<. D. Glinka. Hilgard strove to study and uti- 
ize the Russian scientific literature. In his mono- 
raph and other publications the names of 
ostychev, Kossovich, Vinogradskiy, Vil’yams, 
otzkiy, Middendorf, Shmidt, Rudzinskiy, and 
Viazurenko are mentioned, with references to 
heir works. Hilgard was acquainted with the 
lassificational and genetic works of Dokuchayev 
nd Sibirtsev. He corresponded with P. 8. Kosso- 
ich, received samples of chernozems from him 
nd analyzed them, publishing the results of the 
nalyses. He conversed extensively with Russian 
soil scientists who visited him during this period 
Tulaykov, 9). 
The well-known Hungarian soil scientist, Sig- 
ond (16), wrote of Hilgard: “He was not only 
an outstanding student of soils, but also a first- 
lass analyst, who pointed out the inadequacies 
nd inaccuracies of the methods prevailing at 
he time and eliminated the existing analytical 
arrors. It was he who called the attention of 
ther investigators to the importance in soil 
science of determination of the insoluble resi- 
ue, of soluble silica, of the ratio of Si0, to Al.O, 
ind the CaO and Na,O content...” 
Hilgard worked out his own method of pre- 
aring a hydrochloric acid extract and proposed 
, method for the separation of mobile silicic 
cid by using a concentrated solution of sodium 
sarbonate (instead of the 5% solution recom- 
ended by other soil investigators). Attaching 
reat importance to chemical methods in soil 
esearch, Hilgard studied the need for the micro- 
scopic investigation of samples for determining 
he composition of the insoluble residue. Besides 
hemical methods of study, determining the po- 
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tential reserves of nutritional substances in soils, 
he recommended the carrying out of field plot 
experiments with a number of controls for esti- 
mating the productivity of soils directly in the 
field. 

In 1873 Hilgard built and described an appa- 
ratus for particle size analysis of soils. Hilgard’s 
apparatus, like the earlier apparatus of Schone, 
was based on the hydraulic elutriation of soil 
particles by a current of water, directed upward 
from below. The rate of water flow varied from 
0.25 to 82 mm. per sec.; each rate corresponded 
to a definite particle size. Even though this ap- 
paratus was not perfected, as Vil’yams (1), 
Sibirtsev (8), and Glinka (4) note, it was widely 
used, along with Schone’s apparatus, in the last 
quarter of the 19th century. 

A large part of Hilgard’s scientifie activity was 
devoted to the study of salted soils, their origin, 
properties, and reclamation. His publications in 
this area are classic (K. D. Glinka and K. K. 
Gedroits referred to them) and had a great in- 
fluence on the scientific development of this 
problem, although some of his views have now 
become obsolete. 

According to Hilgard, the source of the salts 
is the weathering of rock. The nature of the 
transfer of salts occurring during weathering 
depends on the climatic conditions of the region. 
In humid regions, easily soluble salts are leached 
out by atmospheric precipitation into the ground 
water and are then carried out by subterranean 
currents and by rivers into lakes, seas, and 
oceans. Compounds which are not easily soluble 
in water, among them nutrients, are leached to 
only a slight extent even in humid regions; they 
are adsorbed and held firmly by the soils. In arid 
regions almost all the salts produced during 
weathering remain in the soil. 

Hilgard almost wholly excluded the possibility 
of horizontal movement of salt solutions in arid 
regions, considering that it occurred only over 
negligible distances from high ground to the 
foot of slopes. He also recognized the existence 
of this process in cases of ground water cropping 
out. The vertical movement of salts in the pro- 
file occurs (according to Hilgard) by means of 
water solutions within the upper 4 to 5 feet (he 
compared these measurements to the height of 
maximum wetting). 

Salted soils were considered by Hilgard to be 
the result of the aridity of the climate (precipi- 
tation less than 500 mm. per year), of slight 
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leaching of the salts formed during weathering, 
and of increased evaporation, all of which result 
in accumulation of salts at the surface of the 
soil. The possibility of intensive evaporation 
of moisture was limited to a five foot layer (ap- 
proximately 1.5 m.). The occurrence of salts 
at a depth exceeding 1.5 m. was considered safe 
for plants. Salt contents im saline soils were 
limited to only such elements as were contained 
in rocks before the beginning of weathering and 
soil formation. Hilgard even emphasized that 
salts cannot enter soil in indefinitely large 
amounts from the subsurface waters. Therefore, 
the ground water, its relations and mineraliza- 
tion, were not included by Hilgard among the 
factors responsible for salt accumlation in soils. 
This underestimation of the role of mineralized 
ground water was perfectly intelligible for that 
era and for that stage of soil science and recla- 
mation. It was not until some decades later 
that Soviet soil science produced a develop- 
mental theory of salinization of soils and their 
reclamation on the basis of an exhaustive ap- 
praisal of the geochemical role of the ground 
water and the phenomena of migration and ac- 
cumulation of salts. 

Hilgard established the preponderant accumu- 
lation in salted soils of NaCl, Na.SO,, NasCO, , 
and also the frequent occurrence of CaSO,-H.0O. 
The presence in the soils of some regions of 
MgsO, , MgCl. , and CaCl, he attributed to their 
being leached out of adjacent deposits impreg- 
nated with these salts. Soils containing pre- 
ponderantly NaCl and Na.SO, Hilgard called 
“white alkali”. Soils with a preponderance of 
Na.CO, in the salt composition were related to 
“black alkali” soil. He noted that “white alkali” 
was usually also rich in nitrates, and that in 
“black alkali” phosphates are present in signifi- 
cant amounts. This subdivision of salted soils 
has been retained in the English literature even 
up to this day. Only in recent times has de- 
parture from this nomenclature been contem- 
plated. 

The nutrient contents in salted soils are, ac- 
cording to Hilgard, extremely important, pro- 
vided they are not completely leached. The 
lowered fertility of salted lands is explained by 
the accumulation of an excessive amount of 
easily-soluble salts in the surface layer. The 
harmful action of the salts is manifested in 
damage to the root collars and root systems of 
plants, and also in the deteriorated quality of 
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agricultural production (reduction in the suga 
content of the juice of grapes, reduction of th 
starch content in the potato). If salts are re 
moved from soils or even if they are leached t 
a depth of more than 1.5 m. the soils becom 
extremely fertile, according to Hilgard, and 
not even require the addition of fertilizer. Bu 
he also noted cases where, after the removal ¢ 
salts, a soil proved to be infertile, so that agr’ 
cultural plants died in it. He did not explaii 
the causes of this phenomenon. He did not a 
yet know about solonetz phenomena and did nc; 
attach importance to adsorbed sodium, believin’ 
that the Na ion cannot be firmly retained by 
soils, in contradistinction to K, Ca, and Mg ions 
However, Hilgard indicated the possibility c 
the transformations of “white alkali” to “blac 
alka” (that is, of solonchaks to solonetzes 
when the soils received excessive moisture durin) 
irrigation. Only the work of Gedroits in thi 
USSR, of Sigmond in Hungary, and of Wiegne 
in Switzerland gave rise to the theoretical con 
cept of solonetz phenomena developing durin; 
the salinization of solonchak soils. ; 

Hilgard established the relative toxicity oa 
salts for plants (Na.SO,:NaCl:Na,CO; = 
1:2:5), and also worked out the qualitative im 
dices of the salt tolerance of plants. Moreover 
he emphasized that the tolerance of the sam: 
plants to the same salts may differ dependin; 
on the texture of the soils (in clay soils it i 
less than in sandy soils) and on the age of plan 
(young plants are less tolerant to salts). Man 
soil scientists, in particular Kelley (14), refe 
even now to the findings on the salt tolerance: 
of plants obtained by Hilgard in a joint wor! 
with Loughridge (11). The extreme toxicit; 
of sodium carbonate for plants was explaine: 
not only by the damage it does to the plant 
directly, but also by changes in the physica 
properties of the soils under the influence o 
sodium carbonate (compaction and dispersion) 
which causes deterioration of the water pene 
tration and makes tillage of the soil difficult. 

The formation of sodium carbonate, accordins 
to Hilgard, comes about through the interactioy 
of caleium carbonate and highly soluble sodiun 
salts (principally Na.SO, and to a lesser degre’ 
NaCl). A necessary condition for the occurrence 
of this reaction in soils is the presence of ca 
bonie acid, the formation of which is possib 
because of the decomposition of the organi 
matter and activity of the roots of plants 


chiefly in the deep horizons of soil with insuffi- 
cient oxygen. Contributing to the latter is ex- 
cessive soil moisture. The nearer the surface, 
the greater the access to air; the carbonic acid 
content decreases, and sodium carbonate for- 
mation does not take place. According to Hil- 
gard this explains the preponderant deposition 
of sodium carbonate at a certain depth in the 
jsoils, but not at the surface. 

Hilgard’s practical recommendations on the 
control of salinization and the reclamation of 
jsaline soils were based wholly on his theoretical 
concepts. In the opinion of Gedroits (2), Hilgard 
as the first to approach the problem of solon- 
hak reclamation scientifically. Inasmuch as the 
basic cause of salt transfer from the deep hori- 
ons of the soil to the surface (where salts cause 
he greatest damage) is considered to be evapo- 
ration from the soil surface, the basic method 
of controlling salinity is considered to be the 
reduction of evaporation in every possible way. 
o this end mulching is recommended, as well 
is shading of the surface and maintenance of 
the top layer of the soil in a mellow condition 
during the summer period. Hilgard also attached 
portance to the transpiration of plants. Thus 
e thought that the role of alfalfa in reclamation 
onsists not only in shading the surface, but also 


| Believing that the storage of salts in soil is 
imited and that their lateral moyement is im- 


salinity, the sweeping off or raking up of salt on 
the surface. He also recommended special cul- 
ivation of salt-tolerant plants, with a view to 


‘olerant grasses for pastures. These ineffective 
measures for controlling soil salinity, owing to 


‘ind’ the Russian (Vilenskiy, Bushinskiy) litera- 
ure. 

The assertion that salts migrate only within 
Nhe upper 1.5 m. of the soil and that intensive 


‘hyaporation of moisture is possible only at 
1 he 
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depths not exceeding 1.5 m. led to the recom- 
mendation that salts be leached out to this 
depth and also that drains be constructed at this 
depth. The draining of salted soils was deemed 
an extremely desirable, although not obligatory, 
measure, since it accelerates the action of other 
reclamation procedures (irrigation and appli- 
cation of gypsum) and increases the success of 
reclamation in general. Drainage was regarded 
not only as a means of removing excess water 
during irrigation and percolation, but chiefly as 
a means of removing salts. Tubular closed drains 
were also considered a measure contributing to 
the retention of moisture required by plants 
(by preventing the runoff of water from the 
surface and providing a more mellow soil struc- 
ture above the drains). 

Emphasizing the necessity for a differential 
approach to the reclamation of different soils, 
Hilgard recommended, for soils salinized mainly 
with NaCl and Na.SO,, irrigation, leaching, and 
drainage. In the case of sodium carbonate salini- 
zation, the most important measure must be the 
appleation of gypsum, combined with irrigation 
and drainage. It was recommended that the 
quantity of gypsum be calculated according to 
the amount of sodium carbonate in the soil. 
Deeming the secure retention of sodium ions in 
the soil impossible, Hilgard naturally did not 


.take into consideration the importance and 


amount of exchangeable Nat. Only Gedroits 
proved the necessity of removing exchangeable 
Nat by means of applying gypsum to solonetz. 

For the irrigation of easily permeable sandy 
soils, Hilgard considered it necessary to use not 
only fresh water, but also salt water. Moreover, 
it was suggested that the amount of salt water 
required for irrigation should be increased sig- 
nificantly (as compared with the amount of 
fresh water), so as to leach out the salts more 
rapidly and not give them the opportunity of 
rising quickly to the surface. In determining the 
possibility of employing salt water for irriga- 
tion, Hilgard deemed it necessary to consider 
not only the overall amount and composition 
of the salts in the water, but also the type of 
soil to be irrigated and the amount of water 
required for irrigation. He set the limit for the 
salt content of the water which can be employed 
for irrigation in the conditions obtained in the 
U.S.A. at 1.2 to 1.7 grams per liter, noting, 
moreover, that in Egypt and the Sahara con- 
siderably saltier waters are used, having a con- 
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tent of about 3 to 4 grams per liter. As a result 
of studies in recent years we know that the safe 
utilization of mineralized waters for such irri- 
gation is possible only with the leaching type 
of irrigation, where there is a good natural or 
artificial drainage. 

Attributing great importance to irrigation and 
draining, Hilgard noted that these measures 
demand the cooperation of many farmers, that 
to make the country flourish, a secure peace and 
the progressive development of scientific and 
technical advances are necessary. He considered 
the cause of the barrenness of once-flourishing 
regions of ancient irrigation to be continuous 
warfare and destruction. Hilgard foresaw that 
the advancement of methods of land tillage and 
also the universal spread of irrigation and drain- 
age in arid regions would lead to a significant 
increase in the productive area of the whole 
world, owing to the utilization of the salted 
areas of wastelands. 

His devotion to peace and to the progress of 
science and technology is in accord with the 
modern tendencies of all progressive humanity 
to peaceful construction and control of the forces 
of nature. 

Received November 13, 1957 
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iFP\HE complex and unique nature of the humic 
| E sibstanees of the soil makes it necessary to 
study them not only by the methods of organic 
analysis, but also by physical and physico- 
;jchemical methods. 
‘Such methods as x-ray analysis of structure, 
infrared spectroscopy, the determination of op- 
‘tical density and so forth have helped to reveal 
some general principles of the structure of par- 
iiticle (molecule) of humic substances and also 
their specific peculiarities in different soils. This 
‘work is reviewed in an article by Kononova (7). 
, However, there is much in this subject which 
jis still not clear, and the investigators are con- 
i/fronted with the problem of searching out new 
lways and means to advance the study of the 
inature of humic substances and their role in 
jsoil processes. 
Chromatography is an exceptionally promis- 


"biology for studying plant substances, hormones, 
lyitamins, antibiotics and various products of the 
life processes of organisms (9). Until now this 
method has been little used in soil science, es- 
pecially in the study of organic substances. 

The chromatographic method isolates in un- 
jchanged form, from complex mixtures, sub- 
jstances which are chemically very similar. The 
method was first suggested by the famous Rus- 
sian botanist Tswett (12). In his study of chloro- 
iphyll Tswett used organic and inorganic ad- 
sorbents (CaCO, , sugar, inulin). In subsequent 
work he used solvents (petroleum ether, alcohol, 
benzene and carbon disulfide) to isolate a num- 
ber of pigments, and to show the complex nature 
and heterogeneity of this component of the plant 
organism which fulfills a very important pur- 
pose in photosynthesis. On the basis of experi- 
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mental data accumulated in the chromatography 
of carotenoids, a number of regular patterns 
were established showing that the adsorption of 
carotenoids depends on their structure (18). 

In soil science, Hock (15) was first to use the 
chromatographic method, studying with it the 
humic substances of different soils. By putting 
solutions of humic substances extracted from 
soils by the use of NaOH, NaF, Na.C.O, and 
NasHPO, through a glass tube filled with ad- 
sorbent (a specially prepared powder of alumi- 
num oxide) and then examining the column in 
ultraviolet light with a wave length of 366 my, 
Hock detected zones which fluoresced differently 
and provided evidence of the heterogeneity of 
these humie substances. He also observed a simi- 
lar picture in chromatographing solutions of the 
hematomelanic, humic and fulvie acids of the 
soils (chernozem, podzol, brown forest and 
other soils). Hock concluded that the humic sub- 
stances represented a mixture of separate par- 
ticles or groups of chemical substances and that 
the typical characteristics inherent in the humic 
substances of one kind of soil or another are de- 
termined by the ratios of these components. 
Thus, the humic substances of chernozem con- 
tain not only complex particles characteristic 
of this soil, but also a certain proportion of 
less complex particles characteristic of podzolic 
soils. 

Using adsorption chromatography on _ hy- 
drated aluminum oxide, Tsintsadze (13) also ob- 
served the division of humic substances into 
zones, showing their heterogeneity; the adsorp- 
tion here was irreversible. 

A similar conclusion regarding the organic 
substances extracted from peat with 96% ethyl 
alcohol was reached by Trojanowski (17) who 
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used chromatography on MgO columns. When 
he eluted the column containing organic sub- 
stances with a 1:7.5 solution of oleic acid in 
aleohol, using then luminescent analysis, he 
noted the formation of several zones which were 
clearly distinguishable in ultraviolet light. 

A different method of chromatography was 
used by Forsyth (14), Dragunov (3) and Khan 
(11), studying complex mixtures of organic sub- 
stances extracted from soils with various sol- 
vents. These substances were adsorbed on acti- 
vated charcoal and then individual fractions 
were eluted with water and organic and inor- 
ganic solvents. 

An interesting method of ion exchange chro- 
matography on cationic SBS was used by Droz- 
dova (4) in studying the nature of fulvic acids. 
By this means she succeeded in showing the 
presence of quinonoid components in fulvie acids. 

The method of paper chromatography has 
proved to be very promising in the study of 
forms of nitrogen in the humic substances of 
various soils. The detection of amino acids in 
humie and fulvie acids is evidence of the protein 
nature of a part of the nitrogen in both these 
groups (see the article by Kononova and Alek- 
sandrova [8] for literature and experimental 
data). 

This survey of the literature shows that the 
selection of one or more methods of chromatog- 
raphy in each case depends on the actual prob- 
lem confronting the investigator. 

In setting up the present work, the authors 
started with the idea of the heterogeneity of 
humie soil substances which are complex sys- 
tems of high-molecular compounds; of the pat- 
tern of change in their characteristics and prop- 
erties in different soils as determined by soil 
formation conditions; of the existence of a ge- 
netic connection between the basic groups of 
humic substances, the humic and fulvie acids. 

Having the general structural traits of mole- 
cules (the presence of an aromatic nucleus and 
side chains of linearly polymerized carbon), 
humic and fulvie acids of different soils consti- 
tute a kind of single chain. A change in the 
nature and properties of individual members 
of the humic substances is determined by the 
ratio in their molecules of aliphatic and aro- 
matic structures, by the size of the molecules 
and by certain differences in chemical structure 
(appropriate data from the literature and from 
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experiments will be found in the articles b 
Tyurin [10] and Kononova [6, 7]). 

The authors of this article assume that tl 
chromatographic method amplifies certain ai) 


that the reactions of these adsorbents with th 
solutions of humic substances could be differen’ 
Preliminary research established that the resul 
of chromatographing humic substances coule 
with strict observance of the experimental cor) 
ditions, be reproduced. Therefore, the preser: 
article gives the methods which we develope 


Preparing Samples of Humic Substances 
for Chromatographing 


The subjects of investigation were humic acid 
extracted from ordinary chernozem (Kamer 
naya Steppe, Voronezh region) and humic an 
fulvic acids of peat-podzolic soil Dolgoprudnay 
Experiment Station, Moscow region). Humi 
substances were extracted from the previous! | 
decalcified soil by several treatments with 0.. 
N NaOH solution. The alkaline extract wa’ 
carefully filtered through a No. 4 suction filte; 
and the humic acids were precipitated as a gé| 
on acidification. To decrease the mineral con, 
tent and free the gel from impurities, the latte’ 
was dissolved in 0.1 N NaOH; the solution wail 
equilibrated four to six weeks to allow the sus’ 
pended mineral particles to settle and then # 
was filtered through a No. 4 suction filter an: 
a Chamberland filter. In the solution obtainec! 
the humic acids were again precipitated by 0. 
N HCl. The gel of humic acids was washec’ 
first by decanting in beakers and then by di 
alysis in cellophane bags until disappearance o| 
the reaction for Cl ion. | 

The acid solution containing the fulvie acid 
(after precipitation of the humie acids from thi 
alkaline extract) was run through activate: 
charcoal, on which the fulvic acids were re! 
tained. Then, with small quantities of 0.2 ™ 
NaOH solution the fulvie acids were eluted fron 
the charcoal, the alkaline solution was neutral 
ized and concentrated to a small volume in : 
vacuum at 40° to 45° C., dialyzed in cellophan: 
bags and subjected to electrodialysis at 80 ti 
100 volts until there was a negative reactioi 
for OH ions. The dialyzed solution of fulvil 
acids was again concentrated in a vacuum ane 


dried in air, forming a thin layer in a Petri dish. 
The dry preparation of fulvie acids obtained 
was carefully ground down to a powder. 

| The definite concentration of humic sub- 
stances in the working solution is an important 
condition for successful chromatographing. It 
‘was established in preliminary trials that the 
best separation of the humic acids of cherno- 
zem into bands takes place at concentrations 
of 1.2 to 1.5 grams per liter; for the humic acids 
of peat-podzolie soil the optimum concentration 
‘Twas 2 to 2.5 grams per liter; and with fulvic 
acids the division into bands was observed only 
‘lat a concentration of 10 grams per liter (cal- 
culated for the absolutely dry ash-free sub- 
stamce). | 

| Preparation of the working solutions of humic 
acids was as follows: The dialyzed gel was ad- 
ded to distilled water. The suspension was care- 
fully mixed and a determination made of the 
concentration of absolutely dry ash-free sub- 
stance by evaporating a sample in a platinum 
beaker to air-dry consistency. This was followed 
by thorough drying of the deposit to constant 
weight at 105° and ashing in a muffle furnace. 


‘that the best division of humic substances into 
zones on a starch column took place when the 
pH of the working solution was about 10 to 
11. When the pH values were as low as 7 to 8, 
{division into bands was not observed and at pH 
9 it was not clear. Strongly alkaline solutions 
Wwith a pH greater than 12 acted on the starch 
“Vand gave a distorted picture. In working with 
4 Al,O, columns there was better division of humic 
substances into bands within the wide range 
Mof pH 8 to 12. 

| On the basis of this, the pH of the solutions 
‘lof sodium humates and fulvates prepared for 
"chromatography was measured with a glass 
“electrode on an LP-5 potentiometer and the pH 
a was brought to the required value by carefully 
"adding concentrated NaOH solution a drop at 
Ma time. The concentration of the humic sub- 
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stances remained practically unchanged by this 
addition. 


Preparation of the Starch and Al.O, Columns 


Table grade potato starch was washed a 
number of times with distilled water, first by 
decanting in beakers and then on Biichner fun- 
nels. The starch was then air-dried at room 
temperature and sieved through a 0.25 mm. 
mesh. Prelimimary investigation established that 
supplementary washing of the starch with wa- 
ter-saturated n-butyl aleohol was of no partic- 
ular advantage in chromatographing humic sub- 
stances. 

The aluminum oxide was prepared as fol- 
lows: The powdered aluminum oxide (pure, 
anhydrous) from the Stalin State Union Chem- 
ical Reagent Plant, series 36, 1956 was allowed 
to stand for four months in a solution of CaO 
prepared by diluting a saturated solution five 
times with distilled water. After standing, the 
Al,O; was washed several times with distilled 
water, first by decanting and then on Buchner 
funnels, dried in marble beakers at 105° and 
then ignited in a muffle furnace at red heat. 

For the preparation of the chromatographic 
column we used a glass tube the lower rim of 
which was drawn out; the length of the broad 
part of the tube was 8 em. and its internal di- 
ameter 0.8 em. When the chromatography was 
accompanied by luminescent analysis a quartz 
glass tube was used. The tubes were filled with 
starch or Al,O; prepared as described previously 
and used for this in the form of a thick brei in 
suspension in distilled water. The technique of 
filling the tube was as follows: In the lower 
part of the tube above the drawn out lower 
rim was placed a loose pad of cotton forming 
a layer not more than 1 em. thick, and then the 
suspension of starch or Al,O, was quickly poured 
in at the top of the tube. The tube was allowed 
to stand until the liquid had completely flowed 
out; for starch this took 30 to 40 minutes, for 
Al,O;, ten to 15 minutes. The clearest division 
into bands of the humic substances took place 
on starch columns prepared 18 to 24 hours be- 
fore the beginning of chromatography. 

After the liquid had flowed off, the top of 
the column of starch or Al,O; was then about 
1 em. below the upper rim of the tube. The 
solution of humie substances under investigation 
was carefully placed, drop by drop, with a 
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pipette into the upper part of the tube above 
the adsorbent without stirring up the latter. 
The best results from the separation of humic 
substances into bands using tubes of this size 
were obtained by chromatographing 0.3 ml. of 
the solution of humic substances on the starch 
column or 0.5 to 1.0 ml. on the Al,O; column. 
Passage of the solution through the column and 
the formation of bands took 1 to 1¥2 hours for 
starch and 10 to 15 minutes for Al,O,. The 
chromatography was accompanied by lumines- 
cent analysis using 366 my ultraviolet light. 


Results of Chromatographing: Starch Columns 


The results of chromatographing humic sub- 
stances of different soils on starch columns were 
varied. A picture of the chromatograms is shown 
in Figure 1: 1, 2 and 3 are the columns seen in 
daylight, 4, 5 and 6 in ultraviolet light. 

In the experiment using the humic acid of 
the chernozem (column 3), with chromatogra- 
phy of 0.3 ml. of a solution containing 0.45 mg. 
of absolutely dry, ash-free substance, we ob- 
served the formation of three bands: The upper 
one, colored brown, was fairly wide (6 to 8 
mm.). The middle band, directly adjoming the 
upper one, was narrow (about 1 mm.), ring- 
shaped, compact and dark-brown. The lower 
band, 6 to 8 mm. from the middle band, was 
broad (about 5 mm.), diffuse and light-brown. 
In ultraviolet light the upper band fluoresced 
weakly with a pale-yellow color; the remaining 
bands did not fluoresce. (The lhlac-violet color 
of the lower part of the column in ultraviolet 
light is explained as the color of the starch 
itself.) 

After standing, the column displayed the in- 
teresting phenomenon of depositing a new nar- 
row ring upward from the middle zone. This 
kind of phenomenon is considered by Gapon 
(2) to be characteristic of sedimentary chro- 
matography. 

A somewhat different picture is shown by the 
chromatogram of the humic acid of peat-pod- 
zolic soil. With chromatography of 0.3 ml. of 
solution containing 0.45 mg. of material, as in the 
case of the humic acid of chernozem, only two 
broad bands were formed. They appeared brown 
in daylight. In ultraviolet light the upper band 
fluoresced a bright yellow-green but the lower 
band did not fluoresce. 

If the concentration of the humic acid from 
peat-podzolic soil is increased to 0.80 mg. in 
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the same volume (0.3 ml.), a middle band i 
formed at a distance of 3 to 4 mm. from th; 
upper band in the shape of the same narrow 
compact dark-brown ring, just as in the chro 
matography of the humic acid of chernozen 
(see columns 2 and 5 of Figure 1). 

With the fulvic acids, it was only when hig] 
concentrations (3 mg. per 0.3 ml. or 10 gram) 
per liter) were used that we observed the for 
mation of two directly adjoining light-brow: 
bands, somewhat darker toward the bottom 
with the boundary between them clearly visibl. 
only in ultraviolet light; in ordinary light ther’ 
was no clear boundary between them (columi 
1). The upper band of fulvie acids fluorescee 
bright yellow in ultraviolet light; the lowe: 
band did not fluoresce. In color, the fluorescence: 
of the upper band of the fulviec acids was sim) 
ilar to the fluorescence of the upper band o} 
the humic acids, especially of those from peat’ 
podzolic soil, but the latter fluoresced mori 
brightly and had a greenish tinge. 

With elution of the chromatograms of humiv 
substances on starch columns with distilled wa; 
ter, eventual downward movement of all th: 
brown-colored bands was observed. At first thi 
form of the bands did not change, but ther 
they gradually ran together. On inspecting the 
locations of the upper bands in all the prepara: 
tions (both of humic and fulvie acids) witl 
ultraviolet light a fluorescing silvery-white o: 
silvery-yellow belt was detected. The explanal 
tion for this phenomenon may be .that som: 
part of the humic substances (of humic ane 
fulvic acids) enters into a sufficiently stabli 
interaction with starch and, on the elution witl, 
water (and also with ethyl alcohol), remains i 
place in the upper part of the columns. 

The chromatograms obtained show withou| 
doubt the heterogeneity of both humic ano 
fulvic acids. Common to both is the presenct| 
of substances capable of entering a fairly stabl 
reaction with starch and of fluorescing in ultrail 
violet light (formation of the upper bands) 
These substances are present to a greater de® 
gree in the fulvic acids and humic acid of peat: 
podzolic soil and to a smaller degree in th 
humic acid of chernozem. The formation of th 
middle and lower bands is possibly caused by) 
the presence of humic and fulvie acid particle! 
differing in size. The possibility of this kind oi 
distribution of particles of organic substance’) 
in accordance with molecular weight in chroi 
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matography on starch has been noted by Lathe 
and Ruthven (16). 

In the composition of the humic acid of cher- 
nozem there is evidently a sufficient number of 
condensed, complex particles to form the mid- 
dle band in the shape of a compact dark-brown 
ring. Particles of this kind are present in the 
humic acid of peat-podzolie soil but m smaller 
quantity, since the formation of the middle band 
is observed in the chromatography of this prep- 
aration only when the concentration of the ma- 
terial is increased to 0.80 mg. in the given vol- 
ume of solution (0.3 ml.). 

In the composition of fulvic acids, complex 
condensed particles are evidently absent (or 
their representation is minimum), since even 
with high concentrations (3 mg. in 0.3 ml. of 
solution) the formation of a middle band is not 
observed. 

Common to both the subjects of investigation 
is also the presence in their makeup of less com- 
plex, and therefore more mobile particles which 
go down quickly on chromatographing and form 
the lower zone. 

The idea which has been expressed—that the 
formation of the middle and lower bands is 
explained by the difference in size (and corre- 
spondingly, in complexity) of the particles form- 
ing these bands—is confirmed indirectly by data 
from the determination of the optical density 
of the humic substances of these zones. To de- 
termine the optical density the starch columns 
with chromatograms of humic substances were 
taken out of the tubes by extrusion with com- 
pressed air and sectioned along the visible bor- 
ders of the bands. The humic substances of the 
middle and lower bands were easily eluted from 
the starch by a single treatment with distilled 
water; to obtain a sufficient quantity of the 
humic substances it was necessary to use a series 
of columns. Then followed filtration of the 


TABLE 1 


Value of the coefficient of light reduction by solutions 
of the humic acid of chernozem (concentration of 
the carbon of the humic acids was 0.0478 grams 
per liter) 


boa Wave length in millimicrons 
Humic acid 
of chernozem 


Middle band 
Lower band 
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solutions through a dense paper filter, equaliz- 
ing their carbon content and examination of 
them in a Pulfrich photometer (the method is 
described in the article by Bel’chikova [1] and 
also in the Kononova monograph [5]). : 

The results of determining the coefficient of 
light reduction characterizing the values of op- 
tical density of the substances tested in a layer 
1 cm. thick are shown in Table 1. They show 
that the optical density of the humic substances 
of the middle band is higher than those of the 
lower band (the data shown are for the humic 
acid of chernozem). f 

In agreement with our earlier papers, we con- 
sider that the optical density value of the humic 
acids reflects in some measure the degree of 
condensation of the aromatic nucleus in their 
particles and therefore the degree of particle 
complexity. The data obtained are evidence that 
the middle band of the chromatograms is ac- 
tually formed by more complex particles of 
humic substances than those of the lower band. 


Results of Chromatographing: Activated 
Aluminum Oxide Columns 


The chromatograms of humic substances on! 
Al,O; have a somewhat different character. Bothi 
humic and fulvie acids formed two bands on‘ 
the Al,O; columns. Under daylight both bands 
were brown; the upper band was narrower, the 
lower wide (see Figure 2, columns 1, 2 and 3). 

In ultraviolet light the upper (narrow) zone 
fluoresced yellow and a yellow-greenish color, 
just as in the chromatograms on starch; the 
lower zones did not fluoresce (see Figure 2, 
columns 4, 5 and 6). 

The interaction of humic substances and ALLOs 
appeared to be irreversible and attempts to! 
elute the bands with different reagents were 
without success. Thus, when the column was 
eluted with ethyl, methyl or butyl alcohol, ben- 
zene, solutions of 0.02 and 0.1 N alkalies or 
acids, a 5% solution of oxalic acid, a 0.1 N solu- 
tion of cobalt nitrate or a series of other re- 
agents, no movement of the zones was observed. 
Only when eluted with pyridine or a 10% solu- 
tion of ammonia did the lower band begin to 
diffuse. Evidently the preparation of aluminum 
oxide by the method described above produced 
an exceptionally active adsorbent of humic sub- 
stances which made it difficult to divide them 
into bands. 
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Conclusions 


1. Chromatography on starch and aluminum 
oxide columns showed the heterogeneity of the 
humic and fulvic acids of peat-podzolic soil and 
of ordinary chernozem. 

In their composition we detected three groups 
of particles differing in their interaction with 
starch and aluminum oxide and in their fluo- 
rescence under ultraviolet light. 

2. The ratios of these groups differ in the 
subjects studied. In the fulvic acids there is a 
well-expressed group of particles capable of a 
fairly stable reaction with starch; the band in 
which these particles are located (in the upper 
part of the column) fluoresces brightly. This 
group of particles is represented fairly distinctly 
in the humic acids of peat-podzolic soil and 
most poorly in the humic acids of chernozem. 

3. Two groups of particles have a less stable 
} reaction with starch; they form bands because 
}of a different rate of sedimentation, caused, 
possibly, by differences in the size (and cor- 
responding complexity) of the particles. 

The greatest quantity of complex particles 
forming a clear middle band on the starch col- 
umn was found in the humic acids of cherno- 
zem; there were less of them in the humic 
acids of peat-podzolic soil;. and they were either 
} present in exceptionally small amounts or com- 
pletely absent in fulvic acids. 

In the formation of the lower band, which is 
composed of particles less complex than in the 
middle zone, no material differences were noted 
in the subjects of study. 

The middle and lower bands did-not fluoresce 

in ultraviolet light. 
4. The reaction between humic acids and 
Al,O; appears to be an irreversible one in which 
both humic and fulvic acids were observed to 
‘form two bands: the upper bands fluoresced in 
Jultraviolet light but no fluorescence was ob- 
served in the lower bands. 

5. Having established chromatographically the 
heterogeneity of humic and fulvie acids, we 
consider it necessary to note also that the data 
obtained revealed traits of similarity between 
these two representatives of the humic sub- 
stances. This is manifested by the presence in 
‘both humie and fulvic acids of groups of par- 
ticles which behave identically on starch and 
aluminum oxide columns and which have the 
same ability to fluoresce in ultraviolet light. The 
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ratios of these groups of particles are different 
in the humic acids of different soils and in fulviec 
acids. 

We believe that it is necessary to develop 
further the chromatographic method for the 
study of humic substances. It is particularly 
necessary to try out different adsorbents and to 
study in greater detail the nature of the sub- 
stances forming the separate bands. 

We must express our thanks to T. B. Gapon, 
senior scientific associate of the Institute of 
Physical Chemistry, Academy of Sciences, USSR, 
for his valuable advice on putting this paper in 
its final form. 


Received September 6, 1957 


BIBLIOGRAPHY 


1. Ben’curxova, N. P. 1951. Nekotorye zakono- 
mernosti soderzhaniya, sostava gumusa i 
svoistvy guminovykh kislot v glayneishikh 
gruppakh pochy Soyuza SSR (Some patterns 
of the content, humus composition and hu- 
mic acid properties of the principal groups 
of soils in the USSR). Trudy Pochvennogo 
Inst. im. V. V. Dokuchayeva Akad. Nauk 
SSSR. Vol. 38. 

2. Garon, E. N. anp I. M. Beien’Kaya. 1952. Osado- 
chnaya khromatografiya ionov (Sedimentary 
chromatography of ions). Kolloid. Zhur. No. 
14. 

3. Draaunoy, 8. 8. 1951. Metody issledovaniya 
gumusovykh veshchesty (Methods of inves- 
tigating humic substances). Trudy Pochven- 
nogo Inst. im. V. V. Dokuchayeva Akad. 
Nauk SSSR. Vol. 38. 

4. Drozpova, T. V. 1955. Primeneniye khromato- 
grafii k izucheniyu ful’vokislot (Use of chro- 
matography for studying fulvic acids). Poch- 
vovedeniye No. 1. 

5. Kononova, M. M. 1951. Problema pochvennogo 
gumusa 1 sovremennye zadachi ego izuche- 
niya (The problem of soil humus and cur- 
rent tasks in studying it). Izdatel’stvo Akad. 
Nauk SSSR. 

6. Kononova, M. M. .1956. Gumus glavneishikh 
tipov pochy SSSR, ego priroda i puti obra- 
zovaniya (Humus of the chief soil types: of 
the USSR, its nature and paths of forma- 
tion). Pochvovedeniye. No. 3. 

7. Kononova, M. M. 1957. Vazhneishiye itogi 
issledovanii v oblasti pochvennogo gumusa 
(The most important results of research in 
the field of soil humus), Pochvovedeniye 
No. 11. 

8. Kononova, M. M. anv I. V. ALexsanprova. 1956. 
Primeneniye metoda raspredelitel’noi khro- 
matografii na bumage pri izuchenii form 
azota guminovykh veshchestv (The use of 
partition chromatography on paper in study- 


ing the forms of nitrogen in humic substan- 
ces). Pochvovedeniye No. 5. 

9. Racuinsku, V. V. and T. B. Garon. 1953. 
Khromatografiya v biologii (Chromatogra- 
phy in biology). Izdatel’stvo Akad. Nauk 
SSSR, 1953. 

10. Tyurty, I. V. 1949. Geograficheskiye zakon- 
omernosti gumusoobrazovaniya. Trudy yubil. 
sess. posvyashch. 100-letiyu so dnya rozhd. 
V. V. Dokuchayeva (Geographic patterns of 
the formation of humus. In: Transactions of 
the Jubilee Session on the Hundredth An- 
niversary of the Birth of V. V. Dokuchayev). 
Izdatel’stvo Akad. Nauk SSSR. 

11. Kuan, D. V. 1951. K. metodike izucheniya 
sostava vodnorastvorimykh organicheskikh 
veshchestv rastitel’nykh ostatkov (Methods 
of studying the composition of the water- 
soluble organic substances of plant residues). 
Trudy Pochvennogo Inst. im. V. V. Doku- 
chayeva Akad. Nauk SSSR. Vol. 38. 

12. Tswett, M. S. 1903. O novoi kategorii ad- 
sorbtsionnykh yavleni i o primenenii ikh k 
biokhimicheskomy analizu (A new category 
of adsorption phenomena and their use for 
biochemical analysis), Trudy Varshavskogo 
Obshchestva Yestestvoispytatelei. Otdel Bi- 
ologii. 14: 20. 

13. Tstvrsappze, S. T. 1948. K voprosu o pri- 


M. M. KONONOVA, N. P. BEL’CHIKOVA AND V. K. NIKIFOROV 


menenii adsorbtsionnogo analiza pri izucheni. 
rastvorimykh form guminovykh veshchestv 
(The use of adsorption analysis in the study 
of soluble forms of humic substances). Trudy 
Inst. Pochvovedeniya Gruzinskoi Akad! 
Nauk. Vol. 1. 

14. Forsyru, W. 1947. Studies on the more soluble. 
complexes of soil organic matter. Biochem! 
J. 41 (2). | 

15. Hock, A. 1937. Weitere Untersuchungen zuy 
Humuscharakterisierung im Boden (Further 
investigations for the characterization of hu- 
mus in the soil). Bodenk. u. Pflanzenernahr. 
5 (50) B, No. ¥%&. 

16. Larun, G. anp C. Rutuven. 1956. The separa- 
tion of substances and estimation of their 
relative molecular sizes by the use of col- 
umns of starch in water. Biochem. J. 62 (4) 
1956. 

17. TrosANowskt, J. 1952. Zastosowanie chroma- 
tografii do rozdzielania substaneji prochni- 
eznych (The use of chromatography for the 
separation of stable substances). Ann. Univ 
Mariae Curie-Sklodowska, Lublin-Polonia, 
Sectio C, Biologia. Vols. 6, 9. 

18. ZncumetstTer, L. anp L. V. CHotnoxy. 1938. Die 
chromatographische Adsorptions-methode 
(Adsorption chromatography). 


: 


Academy of Sciences, Tadzhik SSR 


N 1951 research was carried out to determine 
the variation of microbiological properties of 
ontinuously-irrigated light colored sierozem in 
he area of the SoyuzNIKhI (Vsesoyuznyi 
auchno-issledovatel’skii institut khlopkovod- 
‘stva, The All-Union Scientific Research Institute 
or Cotton Growing) and the Vaksh valley of the 
| adzhik SSR. 

The research was done on a plot with an area 
. f 224 m’, where L. P. Belyakova had set up an 
experiment in plowing under clover plants at 
fferent depths (25, 35 and 45 cm.) under cot- 
jon sowings; regularly every ten days she made 
‘bservations on the course of the soil’s micro- 
lora development. The purpose was to determine 
she rate at which organic matter decomposed at 
ifferent depths according to the quantity of 
Microorganisms in the soil. 

A uniform plot was chosen. Its gentle overall 
slope allowed irrigation via the furrows from a 
itch. The irrigation ditch, in the form of a small 
anal with a settling pool, was located at the 
upper part of the plot at a right angle to its 
slope. 

To determine variation in the distribution of 
nicroorganisms, soil samples were taken simul- 
janeously on Oct. 22, 1952 from depths of 0 to 
5 em. along the length of the plot from above 
lownwards at equal intervals (70 cm.). These 
samples were processed the same day to deter- 
ynine: 1) the total quantity of bacteria by the 
erial dilution method on Gil’tai’s medium; 2) 
the number of nitrifying bacteria by the same 
nethod on Winogradsky’s medium; 3) azoto- 
acters of a soil sample sprinkled on Ashby’s 
igar; 4) aerobic microorganisms which destroy 
sellulose, by the method of soil plates; and 5) 
the field moisture of the soil by a generally ac- 
septed method. 

The results are evidence of the connection be- 
ween factors of the external medium, soil mois- 
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1Tn publishing this article by A. F. Zakhar- 
vhenko, the editor directs attention to the de- 
irability of using variance analysis in the quanti- 
ative calculation of soil microorganisms by other 
nethods (that it, those of Winogradsky, Kholodnyi 
nd others) —Ed. 
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ture, and the distribution of microorganisms 
(see Figure 1). Thus, the gentle slope of the 
plot (from left to right in Fig. 1) and the con- 
stant action of irrigation in the upper part ac- 
counted for the fact that the soil moisture in 
this part was higher at the time the samples 
were taken. It was much lower toward the mid- 
dle. At the end it rose again, probably as a re- 
sult of a certain accumulation of water here 
during irrigation. 

The soil moisture distribution, which depended 
on the slope of the plot and the location of the 
irrigation canal, clearly affected the distribu- 
tion of the microorganisms reflecting to some 
extent the soil moisture curve. This relation is 
especially distinet for azotobacters and nitrify- 
ing bacteria. The quantity of decomposing-cellu- 
lose organisms is related less to a change in soil 
moisture and in many cases is subject to un- 
related fluctuations. The total quantity of bac- 
terla Increases with an increase in soil moisture, 
but not significantly. It follows that fluctuations 
in moisture content of 12 to 19% produce little 
change in the vital processes of the great miscel- 
laneous group of microorganisms. 

In Waksman’s opinion, differences in the quan- 
tity of microorganisms depend on uneven distri- 
bution of soil moisture in some cases, and in 
others, on the distribution of fertilizers. Waks- 
man notes that the struggle for existence is re- 
flected less on the quantity of microorganisms 
than on individual physiological groups (6). 

To determine the degree of variation and 
accuracy of the data, the results of the observa- 
tions were subjected to the formulas for vari- 
ance analysis (3). For each type of micro- 
biological analysis and for the soil moisture, 
calculations were made of the arithmetic mean 
(M) by the method of moments; the standard 
deviation (¢) by the method of moments with 
a correction for the small number of observa- 
tions, by the formula: 


c= 4/ (228 —v). a 
Nn n—1 


in which P is the frequency, a the deviation from 
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% 


Total quantity of bacteria in units per gram of soil 
Moisture, 


Azotobacters in units per gram of soil 


Cellulose-decomposing bacteria in units 


on surface of Petri dish 


the weighted mean, n the number of samples, 
and b the correction of the mean; also calculated 
were the standard error of the mean (m); the 
index of accuracy of the mean (P in %); and 
the coefficient of variation (v in %). 

Further, according to the formula 


a fey" 
= Pp 


which was suggested by investigators who 
worked at the Malouzensk Statistical Labora- 
tory (1), we calculated, following the example 
of Kader (2), the number of samples (7) neces- 
sary for a definite degree of accuracy. According 
to this formula, the number of samples taken for 
analysis (n) should equal the square of the co- 
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NTE) So Tel9 8 20 EMRE: 
Soil samples taken along the length of plot 


re. 


7 8 9 0 2 1% «6 6 1 


efficient (t*) corresponding to a probability ts c 

w% multiplied by the square of the coefficier 
of variation (v*) and divided by the square ¢ 
the accuracy of the-mean (P’). 


The latte 
amount (P*) represents the square of the accu 
racy with which we will work. We chose th 
value of t = 2, having thereby established the 
all further calculations will be carried out at — 
probability of w = 0.954 (95.4%), which mear 
19 correct observations out of 20 (1, 2, 3). | 
But this formula is used for the determin ne 
tion of the degree of accuracy in work with 
definite number of samples (n), in which P 4 
t-v//n. The results of the calculations aw 
shown in Table 1. 


The calculations shown in Table 1 show tha 


; 
3 


TaBLeE 1 
Results of statistical treatment of data from microbiological and 
. nt 1g 
field moisture analyses of irrigated coarse-textured sierozem 

S] 1 i 
ailealts wae Deine Degree of 
. .o| 3 aration | minimum number accuracy © 

No. of oie el | Barre : aa coefti- of samples to get with — 
Determinati deter- Slee ex pies cient | mean with accuracy samples ~ 
Tmination . mean o/8l\es i — = ee : : pe: 
mina- | 7 = 9 = | 100s “m in % of: numbering: 
tions, ” A Vo %| 100-0 

+ ie - mae 
3 n M : 
| Il 
. 1) 15|20)25/30)40|45)50/60} 5 3 2 
Total number of bacteria 
(X 1078/gm. of soil) 20 865 329.71 73.76 8.52 38.11 |26)14) 9} 6) 4) 3) 2) 2) 34 | 44 | 5a 
Azotobacters (in units per 
gram of soil) 20 524.5 206.56 46.19 8.8 39.38  |28/15/10) 7} 4) 3) 2! 2) 35 | 45 66 
Nitrifying bacteria (X 1073/ E 
gm. of soil) 19 7.06 4.46 1.02 14.4 63.03 |71)40/25/18]/10) 8) 6) 4) 56 | 73 8 
Those decomposing-cellu- F 
lose (in units on surface of 

cellulose) 19 6.1 3.6 0.82 13.44 59.0 62,35) 22)15) 9) 7| 6} 4) 53 | 68 | 8a 
Field moisture (%) 20 16.85 1.98 0.44 2.61 11.8 2) 1) 1) 1} J] 1) 1) 2) 11 | 14 | 
= 


here is great variation in the distribution of 
ieroorganisms in the upper layer of the soil. 
here is especially large variation in the content 
f nitrifying bacteria (the coefficient of variation 
v = 63%), so that repeating it three times would 
mount to an accuracy P = 73% (percent error). 
For the distribution of aerobic cellulose-decom- 
osing organisms the coefficient of variation is 
9%. Thus, for this group of microorganisms 
three samples afford an experimental accuracy 
\(percent error) of 68%. To work with an accu- 
racy of 40 to 45% it is necessary to make 8 to 
10 observations on nitrifying bacteria and 7 to 9 
jon those decomposing cellulose. 

The variation range of the total number) of 
bacteria and of the azotobacters in this case is 
much less than with the nitrifying and cellulose- 
ecomposing bacteria (the coefficient of varia- 
jtion v = 388 to 39%). Accordingly, the error of 
the mean is less (the index of accuracy P = 8.5 
to 8.8%), which allows us to work with an accu- 
iracy of 44 to 45% when we repeat 1t three times, 
As we customarily do. 

| The variability of the total number of bac- 
teria cannot be explained by errors in analysis 


which we repeated eight times showed that the 
jbrror of the investigation was zero (Table 2). 
The table, showing the lack of variation in the 
analysis of a single sample, obliges us to attribute 
he variation of this criterion to the varation 
f the plot. The control analysis results may be 
pxplained by the high uniformity of the sample 
and by the fact that the analytical method al- 
owed us to consider only values which are mul- 
tiples of 10 without any intermediate figures. 
With the serial dilution method, only those 
soils having a high dispersion give results ap- 
roaching the expected number of bacteria, 
while carbonate soils with a high content of or- 
zanic matter show sharp variations in the num- 
Joer of bacteria counted from the same sample 
(4). For this reason it is necessary to carry out 
feontrol analyses separately for each soil. 

| From the research of Lavern’ Ozh’ye it ap- 
dears that the proportion of bacteria in carbon- 
te soils is considerably higher than expected; 
she author explains this by the decaleination of 
organomineral complexes in the serial dilution 
‘orocess, with the release of bacterial cells (4). 
Our determination of the uneven moisture 
listribution (see Table 1) showed that the field 
oisture unevenness was less widespread than 


; 


VARIANCE ANALYSIS IN MICROBIOLOGICAL RESEARCH 


295 


TaBLe 2 


Total number of bacteria in a sample of continu- 
ously-trrigated light-colored sierozem from a 
depth of 8 to 10 cm. at the Experimental Station 
of the Soyuz-NIKhI 


Replications DO eS pea ull Oni) falls 


No. of bacteria (X 10-4/gm.|1000/1000/1000/1000/10001000/1000|1000 
of soil) 


that of the microorganisms. The coefficient of 
variation (v) is 11.8%, which makes it possible 
for us to work with an accuracy (P) of 15% 
with two samples. This is also confirmed by the 
data of other investigators (1, 2, 5). 

Table 1, shows the variation in the distribu- 
tion of some groups of microorganisms and the 
variations of field moisture. We may therefore 
estimate the accuracy of the observations on the 
development rate of this plot. From these it 
follows that repeating the observations three 
times gave the following accuracy (P = per- 
centage error): in the determination of the to- 
tal number of bacteria, 44%; that of azotobac- 
ters, 45%; that of nitrifying bacteria, 73%; that 
of aerobic decomposing cellulose microorganisms, 
68%; and for the soil moisture determination, 
14%. 

To prove the reliability of the data obtained 
from the experiment in the study of the decom- 
position rate of soil organic matter at various 
depths, after calculating the mean (J), the 
standard deviation (co), the error of the mean 
(Vb = m), the index of accuracy (P in %) and 
the coefficient of variation (v in %), we also 
calculated the significant difference between 
means (7) for the basic treatment of the ex- 
periment according to the formula: 


Bee 


here we took as a basis the fact that if the ratio 
of the difference between means of two inde- 
pendently measured values (1, — M.) to the 
square root of the sum of the mean errors, 
Vm + ms, is more than 3, then the differ- 
ence between the means is significant. 

By this formula we verified whether the dif- 
ference of the mean data on the quantity of mi- 
croorganisms and soil moisture for the entire 
period of the observations exceeded three times 
the mean error, since the mean error is an index 


7 (Ma — Me) 


T 


2 2 
m + Me 
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of the reliability of the experiment. The result 
was that 99.7% of all the treatments were within 
the limits of M + 3m and only 0.3% were out- 
side this limit (3). 

Calculations for significance of the difference 
between means was carried out only for the 
basic treatments of the experiment described 
previously on the plowing under of clover at 
different depths. 

The mean quantity of microorganisms and 
field moisture at a depth of 15 to 25 em. plowing 
under the clover to 25 em. was compared (14 
observations every 10 days) with the mean quan- 
tity of microorganisms and moisture at a depth 
of 35 to 45 em., plowing under the clover to 45 
cm., and, in one case, at a depth of 25 to 35 cm. 
plowing under the clover to 35 cm. Each of the 
14 treatments (corresponding to the number of 
dates of the observations) represented the arith- 
metic mean of three observations. The results 
in Table 3 show significant difference between 
means of the total quantity of bacteria and of 
azotobacters in the treatments described, because 
each exceeds its error by more than 3 times. For 
the soil moisture the difference between means 
may also be considered as significant (7 = 2.9), 
but for the nitrifying bacteria (7 = 1.93) and 
even more for the aerobic decomposing cellulose 
microorganisms (7’ = 0.34), the difference be- 
tween means is not significant. For nitrifying 
bacteria this may be explained by the consider- 
able variation of their distribution in space, so 
that three samples in this case are not enough. 
According to the theory of probability three 
samples can provide an accuracy in the experi- 
ment (percent of error) of 73% (see Table 1). 
Unfortunately the control analysis to show the 
error of the investigation was not carried out by 
us. It can be assumed, however, that the nitrify- 
ing bacteria, being strictly specialized and hay- 
ing only two species in all, should reflect the state 
of the soil very sensitively. This is in agreement 
with Shulgina’s opinion (6). 

The significance of the difference between 
means for the aerobic decomposing cellulose 
microorganisms is not surprising. On the basis 
of our data, the unsatisfactory method of in- 
vestigation explains the high proportion of vari- 
ation of this criterion. Considering the spots in 
colonies and counting them on cellulose by the 
method of soil plates on the fifth or tenth days, 
does not achieve the purpose since, by this time, 
there are often no spots or they are piled-on top 
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of one another, or they fuse together so that th 
boundaries between them cannot be distix 
guished. Under such conditions the fused spo 
must be omitted in the count or most of th 
observations must be completely rejected. 

Considering the great variability of the micr¢ 
biological properties of the soil in time an 
space, the use of variance analysis in dealir 
with the data from microbiological research — 
even more indispensable than in the study « 
physical and chemical properties. If an expe 
ment is set up incorrectly, a statistical trea. 
ment may lead the investigator to form fal! 
scientific conclusions. { 

We consider it necessary for the productic 
of reliable data to carry out microbiological e: 
periments as follows: 

1. A primary necessity is a careful study ¢ 
the variation in the distribution of the micré 
biological and basic physicochemical propertié 
of the soil, which are interdependent. Take fror 
10 to 100 samples in strict order in rows alon 
and across the plot. This makes it possible b. 
graphic representation and other means to dé 
tect the relation between the various soil prom 
erties and the place where the sample was taker 

2. Analysis of all the samples to determin 
variation, as well as a composite sample fror 
them all to determine the error of the analys 
should be carried out simultaneously. 

3. The number of observations should be ade 
quate (up to 100) to reveal to what extent th 
distribution variation of the microbiologic: 
properties obeys the law of the normal distriby 
tion of probabilities, and to what extent it woul 
be possible to use with confidence the formule 
for variance analysis. To collect the necessar 
number of observations, one can construct : 
single distribution figure (“polygon”) (1, 3) fe 
all the horizons investigated. 

4. The results of the determination of vari 
tion and control analysis are treated mathe 
matically by using the formulas for the varian 
analysis. 7 

5. The data from the determination of varie 
tion in distribution of the soil properties, de 
pending on their complexity, are compared wit! 
data from the determination of the error of th 
investigation; here the determination is mad 
of the extent to which the error of the invest’ 
gation is manifested on the index of plot var! 
ation. 
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6. Using the coefficient of variation by the 
formula: 


determination is made of the lower limit of 
the number of samples at which the error of 
the mean does not exceed desirable limits. In this 
the value of ¢ may be assumed to be 2, thereby 
establishing that all further calculations are car- 
ried out with a probability of 95.4%, or 19 cor- 
rect calculations of 20. The value of t can be 
changed if we remember that the closer the 
probability approaches 100%, the greater the 
number of samples required at the same degree 
of accuracy of the experiment. 

The number of samples established as required 
for a definite degree of probability is the ap- 
proximate minimum number necessary for all 
protracted observations on the plot with a defi- 
nite degree of accuracy. 

7. Further, the accuracy of the data from the 
observations of development (by the use of the 
established number of samples) may also be 
verified by the use of the formulas for the vari- 
ance analysis with a simultaneous check of the 
reliability of the experiment (by significance of 
the difference between means). 

8. This method of setting up an experiment— 
with the need for systematically carrying out 
control investigations—makes it possible to es- 
tablish the accuracy of this or other methods 
for various soils. Then the aceuracy of this or 
other methods will show the degree of accepta- 
bility. 


Conclusions 


1, A study of the variation of a plot accord- 
ing to microbiological criteria should always 
precede a prolonged study, since these data on 
soil variation establish the minimum number of 
samples which will assure the desired degree of 
accuracy of the long-term observations. Such a 
study is also necessary for making single obser- 
vations, since it assures the production of reli- 
able data for characterizing any soil. 

2. Control analyses make it possible to correct 
for the soil variation in the data obtained and 
give an idea of the degree of error in general and 
for different soils in particular, 

3. The investigation carried out to determine 
the variation of a sierozem on a continuously- 
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irrigated plot showed a considerably greater 
variation in space of the microorganisms than 
of the soil field moisture. 

4, The variability of the total quantity of 
bacteria and of azotobacters on continuously- 
irrigated sierozem (coefficient of variation v = 
38 to 39%) makes it possible to work with three 
samples with an accuracy of 44 to 45%, Here 
the difference between means of the data is sig— 
nificant. 

5. The variability of the quantity of nitrifying, 
bacteria (including the error of the method) 
makes it impossible to work with only three! 
samples. This shows that the accuracy of the 
experiment (percentage of error) is 73%. Only 
the collection of 8 to 10 samples gives an accu- 
racy of 40 to 45%. ; 

6. Aerobie decomposing-cellulose organisms: 
are also subject to great variation in space (in- 
cluding the error of the method). Therefore it is: 
necessary to work with-7 to 10 samples to get 
an accuracy of 40 to 45%. Three samples af- 
forded an accuracy of only 68%. The problem of 
the accuracy of the method of soil plates remains: 
unsolved. It may be assumed that the error of’ 
this method is high. 

7. The field moisture varies very little in 
space compared to the number of microorgan- 
isms. his makes it possible to work with two 
samples at an accuracy of 15%. 

8. Significance by the difference between 
means of the observations of development on| 
the continuously-irrigated plot of light-colored 
sierozem confirms the calculation of the number 
of samples necessary depending on the variation. 
The difference between means for the total 
quantity of bacteria, azobacters and field mois- 
ture as calculated from three samples was sig-. 
nificant, while for the nitrifying bacteria and 
aerobie decomposing cellulose microorganisms 
it was not significant, 
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EFFECT OF AGRICULTURAL PRACTICES 


ON WATER INTAKE OF SOIL 


I. P. Sukharev and E. M. Sukhareva, V. V. Dokuchayev Scientific Research Institute 


of Agriculture, Central Chernozem Belt 


ATER permeability of the soil is a very im- 
W\o indicator of its hydrophysical prop- 
erties. The water relations of the earth’s surface 
are associated with the phenomenon of water in- 
take into soil. 

Water intake into soil was the subject of work 
by I. N. Antipov-Karatayev, N. A. Kachinskn, 
S. I. Dolgov, A. N. Kostyakov, N. F. Sozykin, 
M. F. Sribnyi and many others. The investiga- 
tions were carried out in soil monoliths and also 
in soil of undisturbed structure under natural 
field conditions. 

It was established that the amount and rate of 
water infiltration are affected not only by the 
soil texture but also by a number of factors 
which are difficult to calculate, such as initial soil 
moisture, plant cover, bulk density of soil, its 
porosity, the presence in the soil of organic resi- 
dues, cracks, worm holes and the roots of grassy 
plants, the soil structure, and so forth. The ef- 
fect of tillage on the water intake into soil has 
not yet been sufficiently elucidated in the litera- 
ture. For the last few years (1949 to 1956), to 
clarify this, we have been making a study of 
water intake into soil in both winter and sum- 
mer. With the Nesteroy apparatus containing a 
constant depth of 5 em. of water, determinations 
were made of the total water intake in milli- 
meters and the rate of water intake with differ- 
ent agricultural practices (millimeters per min- 
ute). 

The experiments were carried out on the 
Kamennaya Steppe irrigated crop rotation fields 
of the Dokuchayev Institute of Agriculture. The 
crop rotation was located on the slope of a north- 
eastern exposure. The soil of the tract was uni- 
form and consisted of ordinary chernozem 0.6 to 
0.8 m. thick underlain by deposits of clay loam. 

Table 1 gives the characteristics of farm lands 
on which the experiments took place and the in- 
dices of the rate of water intake in a 150 minute 
period (carried out by Ye. M. Sukhareva). Figure 
1 shows graphically the curves of the total water 
intake into soil. As seen from the table and the 
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graph, the greatest amount of water intake was 
by unmowed steppe. 

The least water intake was observed on pas- 
ture and fallow (on a continuously-tilled plowed | 
tract) where the soil was strongly dispersed or 
compact. 

The water intake rate curves (Fig. 2) show the 
same pattern as the curves of the total intake. - 
In places where there is a high total water intake, — 
there is also a high absorption rate. The curves 
(Figs. 1 and 2) provide very clear reflections 
of two stages: the stage -of entry and the stage - 
of established filtration. For some experiments 
(5, 7, 8 and 9) the entry stage was 10 to 15 
minutes; for experiments 2, 3, 4 and 6 it was 20 
to 25 minutes and for experiment 1 (unmowed — 
steppe) it was 40 to 45 minutes from the begin- — 
ning of the experiment. Usually, the more pro-— 
nounced the soil structure, the longer the stage - 
of entry. On soils with an undisturbed structure 
(Fig. 2), the highest rate of water entry is seen 
at the beginning of the stage. This is caused by 
the saturation of the dry upper layer of the | 
soil filling the large pores, holes and cracks. The — 
effect of these large pores, holes and cracks on 
water intake is great, but does not last long be- 
cause they become filled from the top soil layer 
when there is a constant depth of surface water. 

All the information presented before suggests — 
that the surface condition, the kind of tillage, 
and the agricultural practices play large roles 
in the process of water intake into soil. * 

If the amount of water intake (500 mm.) by 
the soil in 150 minutes in the experiment on 
mowed steppe is taken as unity, the amount 
adsorbed on non-mowed steppe is 2.94. On the 
surface of a field of spring wheat it is 1.88 and — 
on the inverted furrow slice 1.48. In a forest | 
strip it is 1.1, on a field of lucerne 1.07, on a 
continuously-tilled field of spring wheat 0.88, on 
fallow 0.57, and on continuously-tilled fallow 
0.53. 

To calculate the elements important in irri-_ 
gation practices and soil reclamation, the for- 
mula of Academician Kostyakova is widely used i 


ABSORPTION OF WATER BY THE SOIL 


TABLE 1 


Water intake into soil of different types of farm land 
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Water Sepuey, teas ; 
of aggregates in ea 
} es of -to-cm. Soil Totalintake | of water e 
Pegmani ie of fan la ee | earn s aiest od 
0-30 cm. ne layer, % min. howe 
>1 mm. ae 
i Steppe not mowed since 1882 0.71 47.3 | 84.7 21.0 1470.0 6.3 
2 Field of spring wheat on 3-year 
° sod. 0.96 31.0 | 76.0 28.6 939.1 4.0 
3 Inverted topsoil 0.98 24.0 | 74.0 27.3 742.0 3.5 
4 Forest strip, 60 years old 0.89 45.2 | 84.4 30.0 546.6 2.1 
5 Field of alfalfa (continuously- 
tilled) 1.09 8.7 | 73.0 26.7 535.0 eal 
6 Mowed steppe 1.02 36.1 | 84.8 19.0 500.0 2.2 
7 Continuously-tilled field of 
| spring wheat 0.98 11.4 | 79.2 21.2 440.0 2.1 
8 Fallow (pasture) 0.98 14.3 | 70.8 19.0 283.0 1.3 
9 Continuously-tilled field in 
68.0 25.6 262.0 0.8 


re 
a 


Total water intake, millimeters 


1 
4 
fallow 1.04 Tol 
| 


iO EG FOR 60 TON SO” 90 


100 


Period of observation, minutes 


10 =—«120 


Fia. 1—Curves of total water intake into the soil. 1—Not mowed steppe; 2—field of spring 


wheat on three-year sod; 3—inverted topsoil; 4—forest strip; 5—alfalfa field, 1st year of use; 
6—mowed steppe; 7—continuously-tilled field of spring wheat; 8—continuously fallow (ro- 
tation pasture) ; 9—continuously-tilled plot. 
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‘(le eae 


Intake rate, millimeters per minute 


Period of observation, minutes 


Fic. 2—Rate of adsorption of water by the soil on different kinds of farm land. (For 


numbering of curves, see Fig. 1.) 


for determination of the mtake rate in a period 
of time ¢: 


V0 
Vv; = = 
t2% 


in which v; is the rate of intake (millimeters per 
minute) for any moment of time from the be- 
ginning of adsorption, v» is the rate of water in- 
take into the soil for the first unit of time (milli- 
meters per minute), and q is an index of degree 
for a given soil which must be determined ex- 
perimentally. 

On the basis of these experiments (Fig. 2) 
and using the method of least squares, we deter- 
mined the values of v, and @ for all nine experi- 
mental tracts (Table 2). 

As seen from Table 2, the value of the rate v, 
for fields varies from 7.12 to 20.8 millimeters per 
minute, that of @ from 0.281 to 0.488. Non- 


110 = 0 130 40 


mowed steppe has a very high value for v.—76) 
millimeters per minute—while v, for forest strips: 
is 28.8 millimeters per minute. 

The filtration capability of soils has been stud- 
ied on different farm lands with a special sprink-' 
lmg set-up in which the amount of water intake’ 
was determined as the difference between the: 
amount sprinkled and the runoff. (The experi- 
ments were carried out by Ye. N. Tsykin, I. P.. 
Sukharevy, M. I. Agapova, V. I. Afonin and 
G. P. Alekseyev.) 

The area sprinkled was 1.5 m*. The sprinkling 
rate was 4.5 millimeters per minute. To avoid 
the loss of water into the soil surrounding the 
plot, a special metal sheet was placed around its 
perimeter and driven 10 cm. into the ground. 
The basic indices of the conditions and results 
of the experiments are shown in Table 3 and 
Figure 3. : 

On thoroughly loosened soils with a pro- 


iounced structure the amount of water intake 
in this set-up was higher than the amount of in- 
sake on dense soils with a dispersed surface 
ayer. Maximum intake was observed on the 
nyersed furrow-slice of fall-plowed land. On 
fall-plowed fallow with a dispersed surface hori- 
on the intake rate was considerably lower. In 
xperiments 6 to 9 the highest intake rate was 
on virgin soil on which the grass had been cut, 
ut which was not yet converted to pasturage 
(experiment 6), while the lowest rates were on 
orasses and rotational pasture (experiments 9 
nd 8, respectively). The intake rate in a forest 
strip 45 years old (experiment 10, Fig. 3) was 
eonsiderably higher under varying conditions 
f intake than the rates of those 5 and 15 years 
ld (experiments 11 and 12, Fig. 3). The soil of 
5-year-old forest strip had almost the same in- 
filtration properties as the soil of fields. Figure 3 
(experiment 14) shows the curve of the intake 
rate by the soil of forest strip No. 74 (45 years 
yd). Runoff did not begin in this experiment 
ntil the 117th minute from the beginning, be- 
fore which all the water entered the soil. At the 
nd of the experiment, which lasted 370 minutes, 
the rate of intake was 3.3 millimeters per min- 
te. In this experiment the water was applied to 
the area in large quantities. 

Of special interest is the intake of water by 
monmowed virgin steppe (experiment 138, Fig. 
3). This plot, as mentioned before, had not been 
mowed since 1882. The soil had a good struc- 
ure. For the 330 minutes of the experiment all 
the water sprinkled on at 4 to 5 millimeters per 
minute entered the soil without runoff. Runoff 


TABLE 2 
Exper- vo in 
iment Type of farm land “ = mm./ a 
No. min. 
1 Steppe not mowed 76.0 | 0.599 
2 Field of spring wheat on 
3-year sod 20.8 | 0.298 
3 Inverted topsoil 14.8 | 0.314 
4 Forest strip, 60 years old | 28.8 | 0.592 
5 Field of alfalfa (1st year; 
on continuously-tilled 
field) 8.4 | 0.454 
6 Mowed steppe 25.4 | 0.630 
7 Field of spring wheat on 
continuously-tilled 
field 7.12 | 0.281 
8 Fallow (pasture) AO OR GE 
9 Continuously-tilled field 
in fallow 8.5 | 0.488 
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TABLE 3 
Rate of water intake into soil with sprinkling 


Rate of 
Depth | Pu 
Mean |of sprin- eee 
soil | kled iy 
Exper- mois- | water, ae 
iment Type of farm land turein| mm. | W262 
No. layer | before a eas 
0-40 begin- | § ai 
cm., %| ning of per 
mnnOt Wectab= 
lished 


1 Fall-plowed for 
spring sowing with 
furrow slice inver- 


sion 14.0 85 | 1.55 


2 | Stubble of spring 

wheat at end of 

crop rotation 12.0 50 | 1.55 
3 | Virgin steppe 10.2 ily |) tl Ff 
4 | Stubble of spring 

wheat on surface 12.5 40 | 1.90 
5 | Fall-plowed fallow 17.0 70 | 1.2 
6 Virgin steppe, 

mowed but not 

converted to pas- 

ture ffs || 2 | Ae) 
7 | Fall-plowed for sow- 

ing spring crop, 

end of rotation 26.5 | 100 | 2.0 
8 | Rotation pasture 18.8 15 | 1.70 
9 | Grasses, first year of 

use 1720 45 | 0.65 
10 | Forest strip No. 74 

(45 years old) 20.5 | 150 | 1.70 


11 | Forest strip No. 123 
(15 years old) 
12 | Forest strip No. 131 
(5 years old) 


12.7 70 | 1.70 
13.3 55 | 1.5 


13. | Steppe not mowed 22.5 | 1470 | 3.70 
14 | Forest strip No. 74 
(45 years old) 1955 1 520) | 373 


did not begin until 1470 mm. of water had been 
sprinkled on. The intake rate during the entire 
experiment was very high and at the end had 
settled down to a constant rate of 3.7 millimeters 
per minute. 


Intake of Snowmelt by Frozen Soil 


The entry of snowmelt by frozen soil during 
thaws has not yet been sufficiently studied or 
clarified. Before the end of the last century (ac- 
cording to data in the literature) it was custo- 
mary to consider that frozen soil was imperme- 
able to water. At the beginning of the twentieth 
century a very interesting paper by Shalabanov 
(15) was published m which he showed for the 
first time that frozen soil conducts water, but 
he did not give a correct explanation of this phe- 
nomenon. We found the correct explanation of 
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he process of infiltration of water into frozen 
oil in papers by Kachinskii (5) and Mosolov 
(8). Subsequently, in different zones of the 
ountry, studies of the process of this intake of 
ater were made by the investigators Dmitriyev 
‘4), Uryvayev (18) and many others. These in- 
estigators came to different conclusions because 
he water intake in different zones is not uni- 
orm; it depends on the natural and soil-climatic 
‘onditions of the area. Further, the observations 
ere made in different years. Also, the water in- 
ake by the same frozen soil changes radically 
rom one year to the next. 

We made a study of the intake of snowmelt 
vy frozen soil in the course of investigating run- 
ff on permanent runoff plots (1948 to 1956) 
nd in experiments on the direct measurement of 
"he amounts of water adsorbed on different farm 
ands during thawing (1950 to 1956). On the 
ermanent runoff plots for a number of years 
e studied the runoff of snowmelt and the role 
1 water regulation of forest strips. The per- 
anent installation consisted of 10 elementary 
runoff plots located on the eastern slope of the 
ollow of the Talovaya river. At the foot of the 
lope is forest strip No. 72, planted in 1907. 
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Plots Nos. 1 and 10 of the permanent installa- 
tion were located on a field of the slope 480 m. 
long and 20 m. wide. The remaining plots had 
the same area (480 by 20) and in addition the 
paired plots 2 and 9, 3 and 8, 4 and 7 and 5 and 
6 were cut 10, 20, 30 and 45 m. into the forest 
strip respectively. During all the years when 
observations were being made the plots were 
plowed in the fall for spring crops. However, in 
1953 they were covered with oat stubble with 
a secondary crop of perennial grasses and in 
1954 with grasses. 

These field plots made it possible to establish 
the amount and nature of the runoff and the 
amount of intake of snowmelt during thawing. 
On the plots cut into the forest strip, studies 
were made both of the rele of forest strips of 
various widths (10, 20, 30 and 45 m.) in ab- 
sorbing the runoff and also of the intake rate of 
snowmelt by the forest strip soil. We have pre- 
viously given a detailed description of the per- 
manent runoff plots (12). 

The average data on the amount of intake of 
snowmelt by soil (1948 to 1956) on field and 
forest plots are given in Table 4. For all the 
years indicated, snowmelt intake occurred at a 


TABLE 4 
Intake of snowmelt by frozen soil 


Year of observations i 
Indices (eioe 
1948 | 1949 | 1950 | 1951 | 1952 | 1953 | 1954 | 1955 | 1956 
eficit of soil moisture in mm. before 
thawing of 0-40-cem. layer* ’ 
on field plots 67.0! 55.0/107 | 49.0) 57.0} 42.0) 99.0} 9.0) 60 — 
on forest plots — | — /|108.4| 67.0} 97.0} 34.0) 79.0) 63.0) 86 _- 
epth ia which soil frozen before thaw 
em. 
‘ on field plots 50.0) 45:0) 45.0) 60.0} 50.0} 50.0) 40.0) 35.0) 50.0 —_ 
on forest plots 25.0) 20.0} 30.0) 18.0} 25.0) 12.0) 28.0) 18.0) 20.0 — 
Mean daily rate of thawing of snow in 
mm./24 hours - 
on field plots TOV 675) 479) 625) St4 6F4)) 2-0) 320) 623 5.5 
on forest plots 9.6} 10.2} 4.7) 9.6} 10.0) 15.0) 4.8) 5.1) 15.6 9.2 
uration of runoff in days 7.0) 15.0) 12.0} 10.0} 17.0) 15.0) 16.0) 10.0} 14.0 12.9 
ean daily intake of snowmelt by soil 
in mm./24 hours 
on field plots Gell), 4.4) 4.015.825) L218) 10.9), 3.4 3.4 
on forest plots 71.5} 53.5] 23.6) 29.5] 22.5) 42.1) 12.0} 9.8) 47.0 34.6 
Lotal intake of snowmelt during thaw, 
mm. 
-on field plots 49.3] 66.4] 49.0) 58.5} 42.0) 18.0) 29.0) 9.1) 47.8 41.0 
on forest plots 500.0 803 .0/284.0,245.0,376.0 843 .0/192.0) 98.4/941 477.0 


va The moisture deficit in mm. was determined in 
moisture capacity of the 0 to 40 cm. soil layer and 


oy trapped air). 


our calculations by the difference between the full 
the moisture present in this soil layer before thaw- 


ing. The full moisture capacity is assumed to equal 85% of the soil porosity (15% of the pores occupied 
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higher rate during the period when the soil is 
usually still frozen to a considerable depth. The 
amount entered undergoes large fluctuations 
from one year to the next. 

It must be noted that during winter thaws the 
upper horizon of the frozen soil is very often 
saturated with water almost to its full moisture 
capacity. In late fall the rain or snowmelt satu- 
rates the free pores of frozen water. This water, 
being unable to penetrate deeply, freezes in the 
pores of the upper horizons, decreasing the vol- 
ume of the free pores and the deficit of soil 
moisture of these horizons. This causes a de- 
crease in the permeability of the soil to water. 
In 1952, 1953 and 1955 we observed an ice crust 
form during the winter thaws, so that in these 
years the amount of intake of snowmelt during 
thaws was considerably less than m years when 
there were no such crusts on the soil surface. 

The total intake of snowmelt during thaws on 
the field plots for nine years varied from 9.1 mm. 
in 1955 to 66.4 in 1949, and averaged 41.0 mm. 
On the forest plots for these nine years the in- 
take was 98.4, 941.0 and 477.0, respectively. The 
smallest mean daily intake was observed on the 
field plots in 1955 and amounted to 0.9 milli- 
meters per 24 hours. The greatest was in 1948— 
6.1 millimeters per 24 hours. The nine-year aver- 
age was 3.4 millimeters per 24 hours. On the 
forest plots the mean daily intake was 9.8 (mini- 
mum) and 71.5 (maximum); the nine-year 
average was 34.6 millimeters per 24 hours. 

The observation shows that the water intake 
by the frozen soil is highly variable in different 
years. Considerable intake is observed in years 
when the soil has a low moisture content be- 
fore thawing. On the other hand, with a high 
moisture content in the upper horizons before 
thawing, intake of snowmelt occurs more slowly. 
With quick thawing the relative intake is less 
than with slow thawing. There is a considerable 
decrease in intake of snowmelt with the presence 
of a surface crust of ice formed during winter 
thaws. 

Entry of snowmelt by frozen soil on different 
kinds of farm lands was studied in the springs 
of 1950, 1951, 1952, 1954, 1955 and 1956. On a 
level field of different kinds of farm land an area 
of the soil surface 40 by 40 em. and 5 em. deep 
was cleared of snow at the beginning of thawing. 
Snowmelt was obtained from under the snow at 
a temperature close to 0° C. With a graduate 600 
to 1000 ml. of water was poured into the de- 
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pression, filling it to a depth of 0.4 to 0.6 em. Tl! 
water poured into the bottom of the depressici} 
was absorbed. Then a second portion of the san 
volume of water was poured in. The experimer 
was carried out for an hour with two or thre 
repetitions. At the end of the experiment t 
soil at the bottom of the depression had some 
times melted on top for not more than one 
two cm., but in most cases it remained frozen. 

Table 5 shows data characterizing the amoun} 
of water intake by the soil on different types ¢ 
farm land in different years. The entry of wat 
in different types of farm land takes place div 
ferently and is determined by the soil’s moistuz 
conditions and its structure and compactness. I’ 
the spring of 1950 there was a low soil moistur 
content in the upper horizons, so that there wa 
considerable water intake by the frozen soil. I 
January of 1952 there was a thaw, followin 
which a crust of ice was formed over the enti 
tract. The moisture in the upper horizons in| 
creased considerably during the thaw. The mea‘) 
soil moisture content by weight of the uppe} 
horizon (0 to 30 em.) before the thaw was 28.2%| 
After the thaw it reached 45%, exceeding thi 
maximum field moisture capacity of this laye i 
Consequently, a part of the gravitational wate 
of the 0 to 30 em. layer was frozen in the pores 
Increasing the moisture content of the uppe’ 
layer above the field moisture capacity (filliny 
the free pores with water which then turns td 
ice) considerably hinders the entry of snowmel 
during thaws. The soil which is frozen even wit!) 
such a moisture content is still permeable, al’ 
though only slightly. 4 

In the spring of 1954, the soil had a low watei 
content, so that the water intake by fall-plowec 
soil took place at a very high rate. In the wintei 
of 1954-1955 there were four thaws with flood-' 
ing. As a result of this, the upper horizons weré 
supersaturated with moisture and crusts of ice 
were formed everywhere on the surface. There- 
fore, in the spring of 1955 the snowmelt was ab- 
sorbed very slowly by the fall-plowed soil (th 
overall rate was 1.2 millimeters per hour). On 
the tract of virgin steppe at this time the intake 
rate was zero. On the forest strip water intake 
also took place very slowly. 

Figure 4 shows graphically the nature of the 
water intake by frozen soil on different farm 
lands during these years. The highest intake 
rate took place in the spring of 1950 and 1954. 


The water intake into soil was completely differ- 
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TaBLE 5 
Amounts of water intake by the frozen soil of different farm lands 


“sy Depth to Weighe of | Moisture : 
= which soil | 8°! moisture | deficit in 0 | Total water Mean intake 
of Kind of farm land eee in %, 0 to 40 cm. intake in rate in 
experiment an, to 40 cm layer in mm./hr, mm./min, 
layer mm. 

3/24/50 Fall-plowed soil 45 31.0 107 53.0 0.88 
same Winter wheat 65 27.0 96 32.0 0.53 
same Mowed steppe 70 27.5 95 all 5 ‘0.53 
same Non-mowed steppe 40 31.5 78 168 2.7 

3/25/50 Forest strip 35 32.5 108 72.0 1.2 
4/3/52 Fall-plowed soil 42 42.7 18 4.8 0.08 
same Mowed steppe 45 34.0 51 3.1 0.052 
4/4/52 Forest strip 15 20 83 94.0 il ey 

3/20/54 Fall-plowed soil 45 31.0 64 32.2 0.53 
same Winter wheat 50 43.6 35 17.0 0.28 
same Perennial grasses 50 32.0 50 12.5 OQ. 21 

3/23/54 Mowed steppe 55 27.1 57 8.0 0.13 
same . Non-mowed steppe 42 — _ 149.0 2.5 

3/20/54 Forest strip 25 2755 59 52.0 0.87 
same Spring wheat stubble 47 25.0 80 16.7 0.28 

3/18/55 Fall-plowed soil 35 29.5 9 20) 0.021 
same Mowed steppe 45 — — 0.0 0.00 

3/27/56 Fall-plowed soil 50 36.8 60 92.0 il is 
same Winter wheat 68 29.0 89 64.0 1.07 
same Mowed steppe 45 35.5 62 60.0 1.00 
same Non-mowed steppe 27 49.0 9 317 5.28 
same Forest strip 30 28.0 86 123 2.05 


nt in 1952 and 1955, when the soil had re- 
eived abundant moisture during the previous 
all. In the spring of 1956 the soil had a low 
oisture content and for this reason showed 
1oticeable water entry on all the plots of farm 
and. The entry of snowmelt in all years is great- 
ist in fall-plowed soil. Fall plowing is the best 
urface for retaining moisture on fields in the 
‘pring, as compared to others: winter crops, 
teppe, grasses, stubble, and so on. , 
It must be noted that in forest-strip, stubble, 
iteppe and grasses water intake into frozen soil 
fakes place fairly evenly in different parts of the 
ame field (or plot). The amounts of water ab- 
sorbed in all experiments on these farm lands 
ire usually in close agreement because of the 
miform compactness of the soil, its moisture, 
evelled surface, and so forth. In fall-plowed soil 
‘he water intake changes radically within the 
oundary of the same field because of different 
sonditions in the physical structure of the plow 
ayer of the fall-plowed soil (the presence of 
slods, ridges, furrow bottoms, and so forth). 
In the 1956 experiment, when the water intake 
dy frozen fall-plowed soil was carried out eight 
‘mes, considerable variations in the amounts 
vbsorbed were observed. The greatest amount 
of water intake per hour was 200 mm., the 


smallest 18 mm. The average of the eight repli- 
cates was 92 mm. 

It should be noted that in spring, continu- 
ously-tilled soils, as a result of greater disper- 
sion of soil in the upper horizons, are less perme- 
able to water than plowed virgin land or peats. 
Plowed virgin land and peats absorb consider- 
ably more snowmelt during thaws in spring than 
do continuously-tilled soils. In the 1956 experi- 
ments on old, fall-plowed fields the snowmelt 
intake per hour was 32 mm., while on plowed 
peat it was 141 mm. Consequently, in spring, 
plowed peat has a water-regulating action 4.4 
times as great as that of old fall-plowed fields. 
This fact is of importance in setting up pastures 
on sloping lands and in sowing grasses in soil- 
protecting crop rotations. 


Conclusions 


1. Chernozem soils are very permeable to wa- 
ter. In one hour 150 mm. of water was absorbed 
by continuously-tilled soils and up to 850 mm. 
by soils with a good structure (nonmowed 
steppe). 

2. Both the amount and rate of water intake 
by soils with a good structure (nonmowed 
fected by the kind of agricultural practices in 
the field, of tillage of the soils, and by the prom- 
inence of structure and the looseness’ of the soil. 
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Fic. 4—Entry of snowmelt in spring by the frozen soil of different farm lands. 1—Fall- 
plowed soil; 2—mowed steppe; 3—non-mowed steppe 


stubble; 7—grass. 


308 


he better the structure of the upper horizon 
f the soil, the higher the total amount and rate 
f water imtake. 

3. The soil moisture (or lack of it) also exerts 

n effect on water intake, but this influence is 
isually more significant in the water intake by 
frozen soil than in that by thawed soil in sum- 
er. 
4. The lowest intake rate in summer in our 
‘xperiments was observed on rotation pasture 
nd fallow—both continuously-plowed fields. 
Pasturing cattle and excessive plowing of the 
and causes puddling of the soil and a decrease 
n its permeability to water. Grass sowings re- 
store the soil structure and a sharp increase in 
ts permeability to water when the grass is 
lowed up. 

5. A crust of ice on the soil surface in winter 
sonsiderably decreases the water intake on all 
arm lands, including fall-plowed land. 

6. Since the water intake by the soil depends 
trongly on the agricultural engineering prac- 
ices on the fields, it is thus possible by proper 
soil tillage to achieve a considerable increase in 
oisture on the fields by absorption of the 
spring snowmelt. 

Received April 1, 1957 
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SOME QUESTIONS ON GENESIS OF CHESTNUT SOILS’ 
IN THE SEMIHUMID SUBTROPICS OF THE EASTERN 


TRANSCAUCASUS?’ 


A. A. Popov, Rostov-on-Don, Southern State Institute for Planning Water Resource 


and Reclamation Projects 


He chestnut soils in the semihumid sub- 

tropics of the eastern Transcaucasus, which 
are widespread chiefly in the Astrakhan-Bazan- 
skii Administrative District of the Azerbaidzhan 
SSR, have been studied by many investigators 
(1, 2, 3, 7, 18, 16) but their genesis has not yet 
been satisfactorily explamed. 

Geomorphologically this area is divided into a 
series of marine terraces outstanding among 
which is the “zero” terrace (an area of wide dis- 
tribution of chestnut soils) which is located at 
an absolute altitude of 0 to 50 meters and which 
reflects fluctuations in the level of the Caspian 
Sea during the epoch of the Khvalnsk trans- 
gression. The zero terrace has the character of 
a sloping plain. In the littoral lowland there are 
terraces below sea level which are related to the 
post-Khvalinsk epoch. 

The transgressions of the Caspian Sea during 
the Quaternary Period salinized soil-forming 
and underlying parent material. Regions lying 
below sea level are related to the marine type 
of salinity (predominantly chloride-sulfate) (3, 
16). Other types of salt accumulation besides 
the marine (4, 9) are also found. 

The soils have been formed on colluvial, 
slightly carbonate clay loams and clays under- 
lai by marine deposits. The latter are repre- 
sented by cimnamon-brownish, residually salted 
clay with infrequent fragments of shells and with 
cinnamon-brownish clayey sand. 

The region in which chestnut soils are wide- 
spread is characterized by a semi-humid sub- 


* The author used the earlier concept of the sys- 
tematic assignment of the soils he describes as the 
chestnut group although he notes their distinguish- 
ing characteristics by introducing the supplemen- 
tary qualification “of the humid subtropiecs” into 
the designation. 

This article reveals that the soils described be- 
long to the type now called “cinnamon brown” 
(korichenevyi) —Russian Ed. 

“This work was done under the direction of 
Professor F, Ya. Gavrilyuk, D. Agr. 


tropical climate. The annual precipitation vari« 
from 300 or 400 mm. in the north to 500 mm. ij 
the south. Most of the precipitation falls durin 
the fall and winter. The mean annual temperz 
ture is 15° C. (17, 18). 

The definitive factors in the nature of th 
plant cover of this region of Azerbaidzhan in 
clude not only the climate, but also the degre 
of primary salinity of the soils and of the paren 
material. Salinization of the parent material b» 
water from the Caspiah Sea during the Quate 
nary and present periods caused, and is stil 
causing, definite ecological conditions for plani| 
communities and for formation of soil an¢ 
plant cover in the semihumid subtropies of thy 
eastern Transcaucasus. 

In a westerly direction from the Caspian Sea 
as the elevation and desalting of the area inj 
crease, the following pattern is observed in thi 
succession of vegetation types (5, 6): 1) halo 
phytic semidesert ; 2) Artemisia-halophytic semil} 
desert; 3) Artemisia semidesert, which graduall¥ 
goes over into grassy-mixed herbaceous steppe 

Our ideas on genesis of chestnut soils in the 
semihumid subtropics of the eastern Transcau- 
casus are summarized in general terms as fol- 
lows: Considerable masses of water-soluble salts 
deposited by the sea which receded after the 
Khyalinsk transgression salinized the parent ma- 
terial and caused broad development of saline 
soils. With mineralized ground water at a high 
level, evaporation and biological accumulation of 
salts by halophytes caused the formation of 
solonchaks similar to those very common at 
present in the maritime regions of the eastern 
Transcaucasus. When the Caspian Sea receded 
with a resulting decrease in the ground water 
level, the solonchaks were desalinized and gradu- 
ally evolved into solonetz soils, particularly; 
“structured solonetzes” (13). 

These were located at the point of contact! 
between solonchaks and chestnut solonized soils. 
Preobrazhenskii wrote: “It may be assumed that 
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olonetzes are relicts associated with some pre- 
‘ious salinization of the seashore.” 

Plant cover changed with changed ecologi- 
‘al conditions caused by desalinization of the 
ipper horizons of the solonchaks. The Artemisia 
opulation, which had been displaced by the 
alophytes, reappeared on solonchak-solonetz 
nd solonetz soils. The grassy-mixed herba- 
‘eous vegetation of the steppe appeared with 
jurther desalinization. These plants accumulated 
valcium (8, 10) and solonetzes became chestnut 
olonized soils. We discovered the genetic rela- 
lionship between soil and the Caspian Sea re- 
‘ression, (with absolute age of the area) on the 
oil map of the Lenkoran Mugan steppe, Astra- 
han-Bazarsk district, compiled by Preobra- 
‘henskii in 1935. It is possible to trace on the 
map all the stages of solonchak-solonetz soil for- 
mation from the salinized “subsoils” to the chest- 
ut solonized and desalinized soils. 

Salinized subsoils, solonchaks, solonetz-solon- 
hak soils, structured solonetzes, chestnut solo- 
ized soils, chestnut desalinized soils: this is 
enerally how the soils develop with increases in 
‘levation and desalinization. 

The pronounced initial solonization of the 
hestnut soils in the semihumid subtropics of 
he eastern Transcaucasus cause the following 
morphologic peculiarities: pronounced vertical 
racking; fusion and compaction of horizons’ B, 
ind B, ; extensive elongation of humus horizons 
hat extend down 70 to 100 em. and further 
‘Table 1)—presence in the profile of humus 
ongues. : 

Also evidence of the previous solonetz stage 
re: concentration of clay particles in the middle 
ortion of the profile (Table 2); and the loss of 
esquioxides (Table 3), chiefly aluminum, as a 
result of its great mobility at pH > 8 (12, 14). 
According to Rozanoy (15), a distinguishing 
sharacteristic of all the soils of the Kura-Arak- 
sinsk lowland is a high clay content of the pro- 
le in general and of its middle portion in 
articular. Particle-size analysis of a weakly solo- 
ized chestnut soil confirms this (Table 2). 
able 2 shows an increased content of clay par- 
‘icles (<0.001 mm.) in the middle portion of 
she soil profile as compared to the upper hori- 
zon and parent material. The high clay content 
‘in the middle portion is related not only to il- 
uyiation during solonization and to internal 
Srofile weathering (15), but also to the internal 
crofile movement of colloids which took place 
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TABLE 1 


Content of humus and carbonates in weakly 
solonized chestnut soils (in percent) 


Horizon and depth Humus by CaCOs 
of sample, cm. : Tym s CO2 asta of CO: 
A 0-20 3.46 none none 
Bi 45-50 2.62 0.14 0.31 
B. 65-70 1.76 1.47 3.33 
C 80-85 0.87 5.76 13,07 
D 145-150 0.34 4.18 9.49 
TABLE 2 


Particle-size analysis of weakly solonized chestnut 
soul by N. A. Kachinskit’s method (as 
percent of dry soil weight) 


Fractions in millimeters 
. Hygro- 

er and scopic 3 = hotal 
sample, cm. |,770'8>,| 1- | 0.25-/0.05-|0.01-| ¢ | & |<%-01 

» 70/9,25| 0.05 | 0.01 |0.005| 1 | © 

S Vv 

Ss 

A 0-20 5.78 |1.95)22. 05/17. 64/12.89) 9.78/35.69| 58.36 
Bi 45-50 6.02 |1.84) 9.26/18.70/19.84) 6.53/48.83) 70.21 
Bz 65-70 5.99 |1.92)17.99)17.38)11.42) 9.37/41.92) 62.71 
Cc 80-85 4.83 |3.79/16.31)18.00)10. 90/10. 26/40.74| 61.90 
D = 145-150 4.82 |3.18/16.41/20.15} 9.56/14.53/36.17) 60.26 


when the soil solution was alkaline sometime in 
the past. The alkaline reaction of the solonetz 
soil solution, rising above the isoelectric points 
of the iron and aluminum hydroxides (iron and 
aluminum sesquioxides are isoelectric at pH 7.1 
and 8.1 respectively [Mattson (11)]), created 
favorable conditions for the movement of pep- 
tized, negatively charged colloids. 

The negatively charged colloids of aluminum, 
which reached soils under weakly alkaline reac- 
tion via capillary rise, acquired a positive charge 
and mutually coagulated with the negatively 
charged colloids of the humus, silicie acid and 
iron hydroxides. V. V. Akimtsev (2) and A. 8. 
Preobrazhenski (13) explained that solodiza- 
tion of chestnut soils in the semihumid sub- 
tropics of the eastern Transcaucasus is definitely 
related to the solonetz stage of soil formation. 
This explains the high concentration of clay 
content in the middle portion of the profile in 
chestnut soils. 

Table 3 shows a narrow molecular ratio of si- 
licic acid to the sesquioxides in horizon D, a spe- 
cial characteristic of subtropical weathering of 
parent material in the Azerbaidzhan region. The 
accumulation of sesquioxides in the middle hori- 
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TABLE 3 


Complete analysis of weakly solonized chestnut soil as 
percent of an ignited carbonate-free sample 


A. A. POPOV 


Molecular ratio SiO 
Bear meas (RNa R01 | FeO: | AlL0Os cao | MgO SOs Sita re 

A 0-20 66.50 26.63 7.16 19.45 2.39 1.76 0.57 5.21 

Bi 45-50 62.30 31.06 7.65 23.39 1.33 1.87 0.34 3.66 

B. 65-70 64.95 28.66 7.12 21.51 2.07 1.96 0.52 4.23 

Cc 80-85 65.45 28.56 7.13 21.40 1.23 2.86 0.75 4.50 

D_ 145-150 64.83 26.95 7.78 19.14 1.20 2.98 1.59 4.60 

TaBLeE 4 The comparatively high alkalinity in the mid- 


Analysis of an aqueous extract of weakly solonized 
chestnut soil in percent (numerator) and 
milliequivalents (denominator) 


& | ES! atealinity Nat 
Depth|S | #2 a Ke 
of fg | 35 i, | Cl | SOs=| Cat+|Met+| by 
sample, a o| 2 zg I Ss Hatore 

cm. | PSs! 12.o iS) 
& |e |S |x ence 
a lee 0.018) 0.002] 0.058| 0.021] 0.003] 0.005 
0-20 0.14) 0.11) none} 9730 | 0.08 | 1.21 | 1.05 | 0.33 | 0.21 
cleat 0.073] 0.003/ 0.040| 0.020| 0.007] 0.008 
85-70 (0.19) 0.18) none} T77 | 0.09 | 0.85 | 1.00 | 0.73 | 0.38 
alee 0.065 0.020] 0.211] 0.046| 0.016] 0.053 
145-150)0. 43) 0.45) none! 7771 | 0.50 | 4.39 | 2.99 | 1.36 | 2.81 

TABLE 5 


Composition of exchange cations in soils by 
K. K. Gedroits’ method 


tO 
i |Meq./100 gm. |= 
5 on gbecletely As % of total é 
, 3. ry soi a Ca 
Soil ae os Mz 
oo Ca |Mg| Na Si Ca |Mg/ Na 
A a 
Weakly solonized | 0-20/24.2) 7.2) 1.2/32.6/75.0/21.3|3.7 | 3.5 
chestnut 45-50/21.1)15.3} 2.4/38.8)53.8/40.0/6.2 | 1.3 
65-70/18.0/16.3] 3.2/37.5/48.8/48.6/8.6 | 1.1 
Desalinized 0-20/25.4| 6.2] 0.8/32.4/78.4/19.2/2.5 | 3.6 
chestnut 45-50/24.1/10.0) 1.5/35.5/67.6/28.3/4.1 | 3.5 
65-70/23.0)10.2] 1.8 35.0.65.8/29.1/5.14| 2.2 


zons may be explained both by illuviation with 
solonization and solodization, and also by the 
internal profile movement of colloids when the 
soil solution is alkaline. 

The slightly decreased content of SiO, in hori- 
zon B, is evidently inherited from the solonetz 
stage. The increase in CaO and SO, in the upper 
horizon, in comparison with their content in the 
middle portion of the profile, may be explained 
by the biological accumulation of these elements. 


dle portion of the profile, the residual solonchak 
tendency (Table 4), and the increase in ad- 
sorbed sodium with depth (Table 5), are al 
traces of prolonged desalinization and removal 
of solonetz in previous stages. Also extremely 
significant in this respect is the composition o 
exchangeable cations and the manner in which 
they change during the.course of desolonizationi 
under the influence of the biological accumula- 
tion of calcium. 

A comparison of weakly solonized chestnu 
soils with the desolonized chestnut soils replacing) 
them shows that in the latter there is an in- 
crease in the amount of exchangeable calcium: 
and a decrease in the content of exchangeable’ 
magnesium and sodium (Table 5). A distin- 
guishing characteristic of the adsorbed cations of 
weakly solonized chestnut soils is the narrow 
ratio of calcium to magnesium. The amount of 
magnesium is very high and increases even mor 
with depth. The high content of adsorbed mag- 
nesium in the lower horizons can hardly be ex- 
plained by the solodization of these soils (2, 13) ;' 
although it would explain that as a rule the maxi- 
mum content of adsorbed magnesium is ob- 
served in the lower portion of the profile which, 
has been unaffected, or only negligibly affected, 
by the solodization process. * 

The large amount of adsorbed magnesium in 
the profile of chestnut soils in the semihumid 
subtropies of eastern Transcaucasus must be: 
considered a relict of marine salinization and the: 


solonetz stage. 


Conclusions 


1. The chestnut soils in the semihumid sub- 
tropics of the eastern Transcaucasus passed _ 
through a solonchak-solonetz stage of soil for- 
mation. 

2. The Artemisia vegetation was replaced by 
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_grassy-mixed herbaceous steppe type which 
ecumulated calcium, thereby developing solo- 
etzes into chestnut soils. 
3. The uniqueness of chestnut soils in the 
emihumid subtropics of the eastern Transcauca- 
us, characterized by extensive deepening of the 
umus horizons, pronounced vertical cracking 
nd cementation and accumulation of clay in the 
aiddle portion of the profile, is a result of the 
ieee ee ld stage of soil formation. 
Received April 17, 1957 
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SOIL COMPLEXES OF THE WEST BANK OF THE IRTYSH 
IN THE SUBZONE OF DARK CHESTNUT SOILS 


V. P. Yegorov, S. M. Kirov Kazakh State University 


HIS investigation was made in Pavlodar re- 
ee on the west bank of the Irtysh river 
between 51° 40’ to 53° N. and 74° to 77° W. of 
Greenwich in the subzone of dark-chestnut soils. 

In this area the dominant climate is dry and 
continental, having long, cold winters with little 
snow, and hot summers. The terrain was formed 
in the Quaternary by the wandering of the Ir- 
tysh and is essentially an alluvial plain hardly 
touched by destruction (4, 5, 6, 7, 9). Quaternary 
alluvial deposits, highly variable in particle sizes, 
cover the Tertiary clays. The ground water is 
distinguished by its great variety in depth, 
manner of occurrence, and mineral content. The 
drainage system is poorly developed. The basic 
plant cover is feather grass-steppe fescue and 
herbaceous-Artemisia associations and their com- 
plexes with solonetz, meadow and halophyte 
vegetation. 

Because of the tropical flora found in Tertiary 
quartzites, we believe that in preglacial periods 
tropical soils were widespread here. But the 
present soil cover of the west bank of the Ir- 
tysh is distinguished by its great variation and 
complexity. Dark-chestnut soil, present as a 
background, occupies only the highest parts of 
the watersheds, while about half the area is taken 
up by soil complexes. Hydromorphic, poly- 
morphic and xeromorphic complexes are dis- 
tinguished. 

Hydromorphic (Lowland) Soil Com- 
plexes. The components of hydromorphic com- 
plexes, associated with an excess of subsoil 
moisture, are solonchaks, meadow solonchaks, 
and solonchak-solonetz soils. A high content of 
water-soluble salts and a negligible humus con- 
tent characterize these soils (Table 1). The ad- 
sorbing complex of solonetz-solonchaks contains 
considerable amounts of adsorbed sodium. 

Two species of complexes are found in this 
area: solonchak-type and meadow-solonchak- 
type. More widely distributed is the solonchak 
complex, occurring in the lowest parts of lake 
depressions with pronounced microrelief. Chlo- 
ride-sulfate and solonetz-solonchaks are its com- 
ponents. Solonchaks located in microdepressions 
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have a constant influx of salts from ground watr 
reaching them via capillarity, while the soli 
nized state is created periodically in the solonet’ 
solonchaks located in microdepressions. 
Meadow-solonchak complexes are usual’ 
formed along the peripheries of lake depression) 
and in large basins. A decisive role in their fo) 
mation is the varying degree of salinization ¢ 
the ground water and the intensive surfad 
moistening. The components include solonchak 
solonetz-solonchaks, and meadow solonchaks. - 
characteristic feature of the latter is the u 
creased salt content ur the upper horizons. Tk 
meadow-bog complex is negligible and is foun’ 
in spots where water emerges from a porov 
stratum. Bog soils occur here in depressioni 
along with meadow soils. Solonchak soils oceup) 
higher relief. If the erosion level goes down thes 
complexes are probably transformed into thos 
described previously. 
Polymorphic Soil Complexes. As a resu’ 
of uneven relief, texture, and other factors, som 
components of polymorphic complexes are undé 
conditions of constant subsoil moisture. In othe 
the subsoil is periodically moistened, with sali 
ized ground water. Still others are under 
kornyi” [meaning unknown] circumstances, an 
some receive moisture from fresh ground wate! 
There are also meadow soils, meadow solonetze; 
and steppe solonchak-solonetzes in the poly, 
morphic types of complexes. 
The chemical composition of these soils (Tabl 
1) shows their radical difference from those dé 
scribed previously. Noticeable immediately i 
the negligible content of soluble salts, relate’ 
directly to the absence of a ground water soure 
for them. The humus content increases con 
siderably, especially in meadow soils and meadoy 
solonetzes. Steppe solonetzes are characterize 
by the presence of adsorbed sodium, which 
of small content in meadow solonized solonchaks 
The polymorphic type of complex formatio: 
includes the solonchak-solonetz and meadow 
solonetz complexes. 
The solonchak-solonetz complexes are com 
posed of solonchaks formed in microdepression 
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nd of solonetz-solonchaks formed on microele- 
ations. The periphery and highest-lying tracts 
re covered by solonchak steppe solonetzes oc- 
urring usually around the peripheries of lake 
epressions and on the lower third of gentle 
‘copes. Slight but broad steppe depressions are 
overed by meadow-solonetz complexes com- 
osed of meadow solonchaks, meadow solonetzes, 
d meadow soils. It is possible to trace the dis- 
ribution of the components according to the 
icroelements of the relief. In lower-lying places 
ith an influx of ground water, meadow solon- 
aks occur. The highest-lying places, usually 
ith surface moisture, have meadow solonetz 
id meadow soils. 

These complexes are two branches of the evo- 
tionary process—steppe and meadow forma- 
on—and their components are divided by the 
sages of the process. 

Xeromorphic Soil Complexes. The xero- 
orphic type of complex formation is wide- 
read on the west bank of the Irtysh Foreland. 
hese complexes usually consist of two com- 
nents: steppe solonetzes, and dark-chestnut 
ils with different degrees of solonization. Two 
pes of complex formation are distinguished: 
lonetz and solonetz-steppe. Both components 
the complexes in the same soils, differ only 
1 their quantitative ratio and in the degree 
which the solonizing process is found. 

As a rule solonetz complexes cover the middle 
ird of gentle slopes. The distribution of these 
mponents is affected by hardly noticeable 
ucrodepressions in which solonetzes are formed. 
he complexes are usually made up of crusted 
medium columnar steppe solonetzes and dark- 
nestnut solonized soils. Solonetzes exist in these 
m plexes to the extent of 30 to 50% and more. 
Solonetz-steppe complexes are composed of 
eply columnar steppe solonetzes and dark- 
estnut solonized or weakly solonized soils. 
hey are formed on the upper third of the slopes. 
lonetzes cover a varied portion of this area, 
ually not more than 30% and mostly 10 to 
%, but small isolated spots of solonetzes are 
countered even on watersheds and around the 
ges of mountain ranges. 

Evolution of Complexes. It is possible to 
e a regular pattern in the change of morpho- 
metic structure and chemical composition in 
mmplex soils of different types and species. First 
e find desalinization processes taking place 
radually in the transition from hydromorphic 
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complexes to xeromorphic complexes. A quanti- 
tative decrease in salts (the Cl/SO, ratio) is 
clearly traced, along with qualitative changes 
(Tables 1 and 2). This suggests an increase in 
the rate of desalinization in polymorphic and es- 
pecially in xeromorphie complexes. Even in the 
initial stages of desalinization in hydromorphic 
complexes, soil solonization occurred in one case, 
and solonization and simultaneous meadow for- 
mation took place in another. In the initial stage 
of solonization the Cl/SO,- ratio increases 
abruptly, evidently because of the increase in 
alkalinity. Conditions are created for the intro- 
duction of Na* into the adsorbed complex of the 
soil. Simultaneously with desalinization there is 
accumulation of organic matter in the upper 
part of the soil and differentiation of the profile 
into clearly distinguished genetic horizons. 

In soils of the polymorphic type of complexes 
the two processes begun earlier—meadow forma- 
tion and solonization—go deeper with further 
desalinization. Depending on the circumstances 
there is formation of meadow solonetzes and 
meadow soils (excessive surface moistening and 
moistening with fresh ground water) or of mead- 
ow-steppe and steppe solonetzes. In these soils 
further accumulation of humus takes place and 
the profile takes on the appearance of the latter 
two. In xeromorphic complexes the soils are 
practically desalinized on the one hand, while on 
the other there is progressive development of 
steppe characteristics in the solonetzes, resulting 
in the formation of zonal dark-chestnut soils. 

We see the transformation of soil complexes as 
follows (see Figure). The abundant moisture 
supply in this location, resulting from the wan- 
dering of the ancient Irtysh supported by a 
glacier in the upper Quaternary, is established 
in a number of paleogeographic and geological 
papers (1, 2, 4, 5, 7, 8,9). We assume that the 
meadow-bog stage of soil formation was domi- 
nant at this time. With the advent of the xero- 
thermal phase, the meadow-bog stage was re- 
placed here by a solonchak stage (5). Later, 
along with a smoothing out of the relief, a 
lowering of the erosion base and a certain cool- 
ing of the climate, there was general solonetz 
formation and then gradual steppe formation in 
the soil cover. Most commonly there was meadow 
formation on the meadow-solonetz and meadow- 
solonchak soils. As a result, dark-chestnut soils 
developed under xeromorphic conditions and 
meadow soils under hydromorphic conditions. 


316 Vv. P. YEGOROV 
Taste 1 
Chemical analyses of components of the hydromorphic and polymorphic types of complexes* 
Adsorbed 
Cation | cations as Percentage content in water extract of: 
Total Car- ex- % of 
Depth | Total Mm a Total | bon- | change| capacity pH of 
of humus, |72 TO-! C/N | P2Os,| ate | capac- Catt Reatenila 
Semple) toe % | COs, lity mea 4 le Solid) |e 
us per 8 BO 2 i resi- 5 ! 
g gm. ae ae gee cl SOs- | Cat* |Mg** | Na* due, | SO su Di 
Mgtt eo 0 q 
Section 168. Chloride-sulfate solonchak 
0-10 ND» | ND | ND | ND | 0.38 ND ND 6.4 |0. 0366/0. 0816/0. 1545/0. 0196/0. 0085)0. 1021) 0.395} 0.7 0 
15-20 ND ND | ND | ND | 0.46 ND ND 6.5 |0.0488/0. 1846)0.3360|0. 0420/0. 0110)0. 2185] 0.887] 0.7 2 A 
70-80 ND ND | ND | ND | 1.88 ND ND 7.0 |0.0488|0. 1597/0. 5069/0. 1280/0. 0195/0. 1807) 1.050) 0.4 | 16.) 
140-150 | ND ND | ND | ND | 2.86 ND ND 6.9 |0.0427|/0. 2840/0. 1411/0. 0504/0. 0068/0. 13873] 0.720) 2.7 15 
Section 104. Meadow solonchak 
04 | ND | ND|ND|ND|3.80] ND ND 6.4 |0.0427|0.1207|1.7136]0.2520|0.0170)0.5934| 2.750] 0.1 | 26. 
20-30 | ND | ND | ND | ND | 1.84) ND ND 6.7 |0.0488]0.4795|0.2611|0 3072/0.0078)0.0850| 1.200] 2.4 | 35. 
110-120 | ND ND | ND | ND | 6.40 ND ND 6.9 |0. 0427/0. 1988)0.4704/0.1260/0.0256/0.1770) 1.080} 0.6 | 24. 
Section 26. Solonetz solonchak ° 
0-10 | 2/84 | 0.15 | 10.9| 0.11) 2.2 | 10.9 | 72.3 | 27.7 | 7.3 |0.0610]0. 0532/0. 0258]0.0993/0. 0043|0.0492| 0.315] 2.8 | NIJ 
20-30 2.20 | 0.12 | 10.6 | 0.10 | 4.5 10.6 | 76.1 | 23.9 | 7.5 |0.0732|0.5325/0. 2371/0. 0720/0. 0109/0.3827| 1.295} 3.0 | NJ) 
70-80 0.72 ND | ND | ND | 3.0 ND ND 7.0 |0.0366/0.2840|0.2956]/0.0656/0.0324/0.1913} 0.910) 1.3 | NI) 
100-110 | 0.52 | ND | ND | ND | 2.94 ND ND 7.1 |0.0366/0.3479|0.2688|0.0364{0.0256/0.3003] 1.000) 1.7 | Nd 
150-160 | none | ND | ND | ND | 2.84 ND ND 7.1 |0.0732\0.2662/0.3456|0.0704{0.0039/0.2773] 1.110] 1.0 | No 
Section 100. Solodized Meadow solonetz 
4-14 5.04 0.26 | 11.2 | 0.13 | 0.03 16.6 94.5 | 5.5 6.7 |0.0244/0. 0021/0. 0201/0. 0056)0. 0034|0.0073) 0.068) 0.1 
18-26 4.30 0.20 | 12.5 | 0.12 | 0.22 9.0 | 95.6 | 4.4 6.8 |0.0487/0.0060/0. 0203/0. 0112/0.0048)0.0112] 0.106] 0.6 | NJ) 
36-46 1.57 ND | ND | ND | 0.50 ND ND | ND | 7.0 |0.0366/0.0028/0. 0471/0. 0084 0. 0068/0. 0156 0.122} 0.1 | Ni 
62-72 1 ND | ND | ND | 3.34 ND ND | ND | 7.1 |0.0854/0. 0064/0. 0067/0. 0112/0.0051/0.0170] 0.140] 1.3 | NI 
106-116 | 0.14 | ND | ND! ND | 5.68 ND ND | ND | 7.9 |0.0854/0. 0482/0. 0806/0. 0140/0. 0034/0.0795) 0.314) 0.8 | N} 
Note: Soda (CO;) was absent from all the samples analyzed. . 


* The analyses were carried out in 1954 in the chemical laboratory of the Geological office of tl 
Ministry of Building Materials, Kazakh SSR, at the request of the Ministry of State Farms, Kazak 


SSR. 
b ND = not determined 


The diagram cannot encompass all the vari- 
able conditions. However, in our opinion it is 
accurate enough in reflecting the general evolu- 
tion of the soil cover of this area and is fre- 
quently applicable to the individual soil-form- 
ing process. 

Distribution of Soil Complexes. In this 
territory different types of soil complexes are de- 
velopmg under suitable conditions of relief, 
ground water, and so forth. We distinguished 
two subregions: the subregion of hydromorphic 
and polymorphic complexes, which occupy the 
western and northwestern part along the chain 
of salt lakes (Karasor-Dzhamantuz, Maldy- 
baituz and others), and the subregion of xero- 


morphic complexes and soils, east of the fir) 
subregion extending to the Irtysh river valle’ 
All the area described in this paper should I 
separated into a special, independent Irtys 
Foreland region on the basis of its special co 
ditions of relief, parent material, and soil cove 


Agricultural Utilization of Regions with 
Complex Soil Cover 


In considering the utilization of this area w 
should note the low natural fertility caused 
the coarse texture of the zonal dark-chestnt 
soils. They have unfavorable hydrophysical pro) 
erties because a water-stable structure is almo 
completely lacking. As a result, there is a lo 
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TABLE 2 
Chemical analyses of components of the xeromorphic types of complexes 
; Adsorbed 
é Cation ee ok as Percentage content in water extract of: 
ar-| ex- ° 
Pept Total total Total | bon- | change anaes H of 
sample, | Bumus, C/N | P2Os | ate | capa- Catt DOE 
emp'e, % gen, % | COz,|\city me water |S 
ent; i @ ‘ %° bee 100 ae eee oral) te 
° g. a a 320 Cl | SOs | Ca** (Mgt | Nat | resi- ee sum 
Mg*+ Na S40 due % 
taal 
Section 550. Dark-chestnut slightly solonetz soil 
0-10 3.99 | 0.20.) 11.5 | 0.13 | 0.28 9.8 | 97.9 | 2.1 | 6.9 |0.0427/0.0021/0.0201/0.0084/0.0051/0.0078) 0.095] 0.1 | ND 
12-22 1.59 | 1.10 | 9.2] 0.11] 0.17 | 11.5 | 92.2] 7.8 | 7.0 |0.0366)0.0053|0. 0172/0. 0108/0.0043|0.0048| 0.080] 0.4 | ND 
28-38 1.35 | ND*) ND | ND | 0.20; ND | ND | ND | 6.8 |0.0244/0. 0021/0. 0134/0. 0080/0. 0034|0.0016| 0.056] 0.2 | ND 
50-60 0.76 ND | ND | ND | 1.08 ND ND | ND | 6.7 |0.0366|0. 0042/0. 0268/0. 0140|0.0034/0. 0069] 0.093} 0.2 | ND 
80-90 0.67 | ND | ND | ND | 8.90} ND | ND | ND | 7.5 |0. 1098/0. 0021/0. 0134/0. 0280/0. 0034/0. 0105] 0.170) 0.2 | ND 
(30-140 0.36 ND | ND | ND | 0.30 ND ND | ND | 7.0 |0.0488]0. 0053/0. 0259/0. 0144/0. 0065/0. 0053) 0.117] 0.3 | ND 
Section 447. Dark-chestnut solonetz soil 
0-10 3.91 0.20 | 11.5 | 0.11 |/0.12 6.7 94.1 5.9 | 7.0 |0.0244/0. 0021}0.0034/0.0056)0.0024|0.0011) 0.040) 0.9 | ND 
20-30 1.83 | 0.10 | 10.5 | 0.11 | 1.80} 12.1 | 89.3 | 10.7 | 7.1 |0.0488/0. 0053/0. 0134/0. 0124/0. 0041/0. 0057] 0.090} 0.5 | ND 
45-55 0.60 | ND | ND | ND | 3.34} ND | ND | ND | 7.4 |0.0732/0. 0071/0. 0172|0.0252/0.0043|0.0032} 0.130} 0.5 | ND 
75-85 0.40 ND | ND | ND | 2.76 ND ND | ND | 7.4 |0.0488]0. 0213/0. 0134/0. 0168/0. 0051/0. 0096) 0.125) 2.1 | ND 
90-100 | 0.15 | ND | ND} ND | 2.82; ND | ND | ND] 7.3 — |ND|ND/]ND!]ND/ND|ND/ND/|ND 
50-160 0.07 ND | ND | ND | 3.00 ND ND. | ND | 7.3 |0.0549/0. 0355/0. 0691/0. 0180/0. 0065/0. 0437; 0.230} 0.7 | ND 
Section 276. Crusted steppe solonetz 
0-10 1.89 0.10 | 10.9 | 0.09 | 0.04 7.5 96.0 4.0 | 7.1 |0.0488]/0.0443/0.0259/0.0144/0.0022|0.0388] 0.175) 2.3 | 0.42 
15-25 1.79 | 0.09 | 11.5 | 0.08 | 1.20 | 25.5 | 73.4 | 26.6 | 7.3 |0.0610/0. 1242/0. 0921/0. 0256]0.0039|0.1108] 0.418] 1.3 |12.02 
45-55 0.87 | ND | ND | ND | 1.82} ND | ND/ ND | 7.4 |0.0366)0. 1066/0. 1344/0. 0366/0.0085/0.0924) 0.415) 1.0 | 3.40 
70-80 0.60 | ND | ND | ND |} 3.20} ND | ND | ND |} 7.2 |0.0488|0. 0710/0. 5280)0.0972/0.0329|0, 1485] 0.930) 0.2 | 1.15 
10-120 0.40 ND | ND | ND | 0.66 ND ND | ND | 7.1 |0.0488/0. 0266/0. 0043/0. 0036/0.0065/0.0211] 0.112} 8.38 | 0.28 
90-200 0.22 ND | ND | ND |} 0.52 ND ND | ND | 6.9 |0.0488)/0. 0220/0. 0518/0. 0216/0. 0043/0. 0243} 0.184} 0.6 | 0.21 
Section 261. Deeply columnar steppe solonetz 
0-10 3.73 | 0.20 | 10.9 | 0.11 | 0.20 7.8 | 93.6 | 6.4] 6.6 |0.0305]0.0021|0. 0201|0.0084/0. 0051/0.0032| 0.075) 0.1 | 0.10 
23-35 1.51 0.10 | 11.5 | 0.10 | 0.24 20.3 75.3 | 24.7 | 6.8 |0.0427|0. 1704/0. 0470/0. 0168}0. 0034/0. 1232) 0.405) 4.9 | 0.60 
45-55 0.68 | ND| ND | ND | 2.77} ND | ND | ND | 7.3 |0.0610)0. 1331/0.3196/0.0612/0.0220)0. 1506] 0.750) 0.6 | 1.02 
60-70 0.55 ND | ND | ND | 3.00 ND ND | ND | 7.2 |0.0488/0. 0887/0. 2678/0. 0540/0. 0222/0. 1002] 0.582) 0.4 | 3.10 
80-90 0.446 | ND |ND|ND/0.14} ND | ND | ND | 7.3 |0.0610/0.0266)0.0172|0.0144/0. 0043|0.0237| 0.155} 2.1 | 0.28 
10-120 | 0.10 | ND | ND|ND/|0.40} ND | ND | ND | 7.1 |0.0488/0.0266/0. 0086/0.0108/0.0043)0.0191) 0.120) 4.2 | 0.14 


Note: Soda was 
a ND not determined. 


sontent of humus and nutrients (Table 2). The 
‘olonetz soils are still less fertile. This consid- 
tably complicates improvement of this region. 
n addition to measures to eliminate the solo- 
1etz properties, other measures are needed to in- 
tease the natural soil fertility. 

Up to the present time this region has not 
ttracted the attention of investigators, which 
xplains the absence in the literature of infor- 
ation on its soil cover (except for certain sur- 
eys). No one has studied the question of im- 
roving its solonetz soils. However, in recent 


absent from all the samples analyzed. 


years there has been large-scale soil mapping in 
which the author of this article took part. For 
successful utilization of the west bank of the Ir- 
tysh in the dark-chestnut subzone, we must 
make studies of the soils from many aspects and 
set up experiments to show which methods of 
improvement are most effective. 


Conclusions 


1. The west bank of the Irtysh in the sub- 
zone of dark-chestnut soils has a series of spe- 
cific characteristics entitling it to be set apart 
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Hydromorphie Type 


Complexes 


is 


| Meadow-Bog | 


Meadow- 
Solonchak 
Complexes 


Solonchak 
Complexes 


Polymorphic Type 


Solonchak- Meadow- 
Solonetz Solonetz 
Complexes Complexes 


Meadow 
Soils 


Xeromorphie Type 


Balanees Solonetz- 
Complexes Benes 
2 Complexes 


Combinations 
of Soils 


Zonal 
Soils 


Fia. 1, Transformation of soil complexes 


in an independent Irtysh Foreland region. The 
characteristic traits of this region are the pre- 
dominance of coarse textured soils and the pres- 
ence of complexes occupying up to 50% of the 
soils. 

2. Among the soil complexes of this region, as 
judged by the predominant types of the soil- 
forming process in the components, hydro- 
morphic, polymorphic, and xeromorphie types 
of complexes are distinguished. 

3. The evolution of the soil cover is in a regu- 
lar series: meadow-bog, solonchak and solonetz, 
with later steppe formation. 

4. To utilize this region for sowing grains, 
work must be undertaken to determine the most 
effective methods of improving the solonetzes. 

Received April 22, 1957 
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EFFECT OF LIMING ON PHYSICOCHEMICAL 
AND PHYSICAL SOIL PROPERTIES IN THE SOUTHERN 


ESTONIAN SSR 


E. Ya. Talpsepp, Institute of Plant Culture, Academy of Sciences, Estonian SSR 


rom 1947 to 1949 the Soil Science Labora- 

tory of the Institute of Plant Culture, Acad- 
emy of Sciences, Estonian SSR, set up a number 
of field experiments on collective and state farms 
in the southern districts of the republic to study 
the effect, both on the soil and on the yield of 
farm crops, of different quantities of ime (from 
one quarter to double the amount of hydro- 
lytic acidity). In most of the experiments burned 
lime was used, and in some slaked lime and tufa. 
Lime fertilizers were applied to fields in fallow 
in two applications: half of the amount was ap- 
plied in summer and plowed in with simultane- 
ous application of organic fertilizers; the other 
half was applied under a harrow or cultivator 
following replowing. Each of these treatments 
was replicated four times. The area of each plat 
in all the experiments was 100 square meters. 


Physicochemical Changes of Soil Properties 
After Liming 


Effect of Liming on Adsorbing Complex. 
The results of liming were evaluated by the 
change in hydrolytic acidity of the soil; by the 
total adsorbed cations (by Kappen’s method 
[4]); by the cation exchange capacity (T) and 
degree of soil saturation by cations calculated 
according to the total adsorbed cations; and by 
the change in the pH as determined electrometri- 
eally with aquinhydrone electrode in a 1 N KCl 
extract. 

On all the experimental plats liming increased 
the pH value and decreased the hydrolytic 
acidity; the content of adsorbed cations in the 
adsorbing complex increased, as did the cation 
exchange capacity of the soils and their degree 
of saturation by cations. These changes were 
more pronounced on poor peat-medium- and 
peat-strongly-podzolic sandy, and sandy loams 
with a thin peat horizon (15 to 20 em.) and 
slight humus content. Lesser changes occurred 
on cultivated peat-weakly- and peat-medium- 
podzolic coarse clay loams having a fairly thick 
peat horizon (25 to 30 em.) which contained a 
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corresponding amount of humus. See Table ~ 
for results. | 

The decrease in hydrolytic acidity and the in: 
crease in the degree of soil saturation by cation: 
reach fairly high values even when half of the 
unit quantity of lime fertilizer has been applied 
When unit and double quantities of lime ferti 
lizers are applied, changes are less pronounced) 
The total adsorbed cations and the cation ex 
change capacity increase more sharply only witli 
double quantities of lime fertilizers. 

The changes in the agricultural chemical in: 
dices are more pronounced on soils of sligh 
fertility (“Tee Kommunizmile” collective farm) 
than on cultivated ones (“Yulenurme” state 
farm). | 

Effect of Liming on the Content of Mobile 
Aluminum. Mobile aluminum was determine 
by Sokolov’s method (2). Table 2 shows tha 
the greatest amount of mobile aluminum is con’ 
tained in the slightly fertile peat-strongly- ane 
peat-medium-podzolic sandy loams with a thu 
peat horizon and low humus content with a p 
below 4.5. The content of mobile, aluminun 
reaches 8.7 mg. per 100 g. on these nonlimec 
soils, but as soon as they are limed with hal’ 
of the unit amount (as indicated by the h 
drolytie acidity), the mobile aluminum disap) 
pears. i 

In other experiments the amount of aluminun 
on nonlimed plats was 1 to 2 mg. per 100 g. o 
soil. When one-eighth of the unit quantity o 
lime fertilizer was applied the amount of mobil! 
aluminum decreased by half, and when half thi 
unit quantity was applied it disappeared com 
pletely. Thus, the mobile aluminum may b 
eliminated by using half the quantity of lim: 
fertilizer required by the hydrolytic acidity 
Smaller quantities considerably lower the con’ 
tent of available aluminum but do not eliminat! 
it completely. | 

Effect of Liming on the Content of Avaii 
able Phosphorus and Nitrates. The ayai) 
able phosphorus in the soil was determined il 


EFFECT OF LIMING ON PHYSICOCHEMICAL AND PHYSICAL PROPERTIES 


TABLE 1 
Changes with time in the agricultural chemical 
indices in slightly fertile and 
cultivated soils after liming 


Soil 


Quan- 
tity of | Slightly fertile | Cultivated peat- 
2 lime | peat in strongly-| weakly-podzolic 
Agrochemical ferti- | podzolic sandy | coarse clay loam, 
indices __|lizer (by| loam, A: horizon | A; horizon (25-33 
per 100 g. soil | hydro- | (18-23 cm.), “Tee cm.), 
lytic | Kommunizmile’’? | ‘Yulenurme”’ 
: acid- | collective farm? state farm? 
ity)* 
1950) 1951) 1952}1953)|1950}1951/1952|1953 
pH of KCl ex- 0 4.5] 4.3) 4.5] 4.4] 4.8] 4.6] 4.8) 4.8 
tract Wy 4.8] 4.6) 4.8] 5.1) 5.4] 5.4) 5.3) 5.4 
1 5.3) 5.7] 5.5) 5.9) 5.9] 5.7) 5.6] 5.6 
2 6.3] 6.5] 6.4] 6.7] 6.8] 6.7] 6.6] 6.8 
Hydrolytic acid- 0 4.2| 4.6] 4.5] 4.7] 3.5] 3.8] 3.8] 3.6 
ity (H) in me. 16 3.7} 3.6] 3.8] 3.0) 3.5) 2.9] 3.0} 2.6 
1 3.2! 2.6] 3.0] 2.1) 3.6) 2.4] 2.7) 2.2 
2 2.6) 2.0) 2.2) 1.6) 2.9) 1.7) 1.5) 1.2 
Adsorbed cations 0 3.5] 4.6] 4.7) 3.2) 4.7] 5.9] 5.8] 5.1 
(S) in me. ey 4.8] 5.4] 5.8] 6.4] 5.5] 7.2] 6.8] 6.2 
ag 6.2} 8.7| 8.2] 9.1] 6.4) 8.2) 8.6] 7.8 
2 11.3)15. 4/14. 2/13.9)10.1)11.8)11.4/11.0 
Cation exchange 7.7| 9.2) 9.2) 7.9] 8.2] 9.7) 9.6) 8.7 
capacity (T) in ve) 8.5) 9.0] 9.6] 9.5) 9.0)10.1) 9.8] 8.8 
me. 1 9.4)11.3)11.2)11.2)10.0)10.6)11.3/10.0 
2 13.9/17.4/16.4/15.5)13.0)13.5)12.9)12.2 
Degree of cation 0 45.4/48.8/51.4/40.0 57. 1/60. 4/60.6/58.9 
saturation, % 4 _|56. 6/60. 0/60.0/67.9|60.7|71. 1/69. 5|70.8 
1 65.5)76.6)71.9/81. 1/64.1/75.0,75.2/78.3 
2 85.1 88.5)84.7/89.6 77.8|87.4/88 1/91.1 


« The unit quantity (calculated for CaCO;) on 
the “‘Yulenurme”’ state farm was 5 metric tons 
er hectare; on the ‘“T'ee Kommunizmile’’ collec- 
ive farm it was 7.2 metric tons per hectare. 

b Liming was carried out on the ‘‘Yulenurme”’ 
‘state farm in 1947 and on the “‘Teé Kommuniz- 
collective farm in 1949. 


953 by A. T. Kirsanov’s method.* The analy- 
ses showed that liming negligibly increased the 
amount of available phosphorus in the soil. The 
feontent of available phosphorus during the 
xrowing period varied. All the soils studied had 
smaller quantity in the spring which increased 
coward fall. 

With larger quantities of lime fertilizers, the 
mount of available phosphorus increased more 
bruptly than it did with smaller quantities 
‘Table 3). For example, on the “Luun’ya” state 
arm the amount of available phosphorus rose 


*It must be noted that Kirsanov’s method for 
etermining available phosphates gives only a 
eneral estimate. 
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1.5 mg. per 100 g. of soil with double quantities 
of lime, whereas on the “Uus Elu” collective 
farm of the Tartu district the rise was 1 mg./100 
g. of soil. However, the effect of using half 
quantities of lime fertilizer was, in most. cases, 
an increase in available phosphorus of 0.5 mg./ 
100 g. of soil. 

The effect of liming on nitrogen relations was 
studied during the 1953 growing season. The 
nitrates were determined colorimetrically (3) in 
fresh soil samples (Table 4). 

After liming, the amount of nitrates in the 
soil increases considerably and during almost 
the entire growing period remains higher than 
on nonlimed plats. But it varied somewhat dur- 
ing the summer. On May 20 the nitrate content 
of the soils in all the experiments was high: 
toward the middle of June it had decreased 
everywhere; and then toward the middle of 
July it increased, reaching its maximum. Toward 
fall the quantity of nitrates decreased again and 
the content on limed and nonlimed plats was 
almost the same. 


TABLE 2 
Effect of liming on mobile aluminum content 


4 Content of 
pene of mobile alu- 

Location of experiment oe eT a 
end aceenaiien of soil ese mel ee mg./100g. soil 

acidity)® pre 
1950)1951/1952 

V. I. Lenin collective 0 4,2-4.3 | 8.7| 8.0] 6.6 
farm, Vyru district. 1 5.0-5.1 0.2) 0.2) — 
Peat-strongly-pod- 1 5.5-5.9 — | 0.2) — 
zolic sandy loam on 
clay loam 

“Tee Kommunizmile”’ 0 4.3-4.5 5.3] 3.9] 3.0 
collective farm, Tartu y 4.7-4.8 1.8) 0.4) 0.6 
district. Peat- rz] 4.6-5.1 1.2] 0.3] 0.2 
strongly- and me- 1 5.3-5.9 0.2) — | — 
dium-podzolie sandy 
loam on clay loam ” 

I. V. Stalin collective 0 4.5-4.9 Let} 222) 200 
farm, Pylva district. 4 4.6-5.1 0.8) 0.9} 0.8 
Peat-medium-podzolic 4 4.7-5.0 0.5) 0.3) 0.3 
sandy loam on clay 1 5.1-5.3 — | — | = 
loam 1 5.5-6.0 —|— 

“Yulenurme”’ state 0 4.6-4.8 0.5} 0.8 
farm, Tartu district. oo) 5.3-5.4 | 0.2) 0.2] 0.1 
Peat-weakly-podzolic 1 5.6-5.9 -- 
sandy loam on clay 
loam 


a The unit quantity (calculated for CaCOs;) on 
the V. I. Lenin collective farm was 8.4 metric tons 
per hectare, on ‘‘Tee Kommunizmile”’ it was 7.2, 
on I. V. Stalin it was 5.8 and on the ‘‘Yulenurme”’ 
state farm it was 5.0. 
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TABLE 3 
Effect of liming on the content of available phosphorus 


Content of P2Os per 100 g. soil 
Quantity 
of lime 
Location of experiment and description of Crop fertilizer May 23, 1953 August 20, 1953 
soi (by hy- 
sedty) Effect of Effect of 
ecto ct 0 
DE liming, mg. még: lining, mg., 
“Tee Kommunizmile’’ collective | Perennial grasses, 0 1.9 = ma — : 
farm, Tartu district. Peat- 3rd year of use 4 2.2 +0.3 Saif — : 
strongly and medium podzolic A 1.9 —_ 4.2 40.5: 
sandy loam 1 2.5 +0.6 4.1 +0.4 
2 eat +0.8 4.5 +0.8 | 
“Uus Elu”’ collective farm, Tartu | Winter wheat 0 307 — Gol) _—- | 
district. Peat-medium podzolic ya 4.6 +0.9 7.3 +0.3 
sandy loam iy 4.1 +0.4 Hs) +0.5 
1 4.5 +0.8 7.9 +0.9 
2 4.2 +0.5 8.0 +1.0 
“Tuun’ya”’ state farm, Tartu dis- | Perennial grasses, 0 2.9 — 8.0 — 
trict. Peat-weakly podzolic 3rd year of use ys 3.8 +0.9 7.9 = 
coarse clay loam 1 3.7 +0.8 8.3 +0.3 
2 4.4 +1.5 8.4 +0.4 
® The unit quantity (calculated for CaCO;) on the ‘‘Uus Elu”’ collective farm was 5.9 metric tons 
per hectare; on the ‘“‘Luun’ya”’ state farm it was 6.9 metric tons per hectare. 


TABLE 4 
Effect of liming on soil nitrates 
29 
aS NOs in mg. per kg. of soil 
ao Dates in 1953 

Location of experiment | »U > 
and description of soil peers] 

B28 May | June} July | Aug. | Sept. 
8 20 16 16 18 27 

“Tuun’ya”’ state farm, 0 9. 13.9 | 15.0 | 16.4 | 14.6 
Tartu district. Field 16 11.4 | 11.8 | 28.1 | 13.6 | 14.9 
under grasssod. Peat- 1 14, 11.6 | 25.2 | 22.0 | 16.3 
weakly-podzolic 2 16.7 | 10.8 | 31.0 | 26.4 | 14.5 
coarse clay loam. 

“Tee Kommunizmile”’ 0 11.8 | 3.0] 16.6 | 10.1] 7.6 
collective farm, | 4 | 11.6] 5.8 | 15.6] 11.7} 7.6 
Tartu district. Field 1% 13.6 | 8.4] 20.8} 11.8] 9.6 
under grasssod. Peat- 1 16.0} 9:5 | 16.1 ) 11.7 | 10:0 
strongly- and me- 2 17.2 | 15.4 | 22.8 | 19.7 | 10.0 
dium-podzolic sandy 
loam 


Changes in Physical Properties of Soil 
with Liming 


To determine the effect of liming on physical 
properties of soil, a study was made of bulk 
density and permeability of soil to water and 
air. 

Changes in Intake Rate of Water with 
Liming. The intake rate of soil to water was 
studied in 1951 under field conditions using N. 
A. Kachinskii’s method. These determinations 
showed that liming favorably affects intake 
rate of water, which indicates an improvement in 
the structural condition of the soil. On coarse 


clay loam the time required for absorption of 
a 20 em. column of water on limed plats was 2.5) 
to 4.5 minutes less than on nonlimed plats. On 
coarse sandy loams and sandy soils the absorp-. 
tion time increased by 2 to 7 minutes, showing 
an increase in soil compactness. 

On the “Mooste” state farm nonlimed plats 
of peat-medium- and strongly-podzolized clay 
loam, the adsorption time of a 20 em. column of 
water was 31 minutes, 47 seconds, on plats with) 
unit amount of liming it went down to 28 min- 
utes, 24 seconds. On one of the collective farms 
in the Ryapina district on peat-strongly-podzolie: 
sand and sandy loam the absorption time on 
nonlimed plats was 11:1, whereas on plats with) 
unit liming they increased to 16:29. | 

Since N. A. Kachinskii’s method is not par-' 
ticularly reliable under field conditions because 
of the small diameter of the tube, supplementary 
determinations were made of the intake rate of 
water using Boldyrev’s apparatus, the cylinder of 
which had a cross-sectional area of 1/8 m?. Three 
experiments on plats with perennial grasses in 
the second and third year of use (Table 5) were 
made. As a result of liming the intake rate of 
water doubled on the peat-weakly-podzolic clay 
loam of the “Luun’ya” state farm. In the other 
two experiments it also showed a strong increase. 

Changes in Soil Permeability to Air with! 
Liming. Soil permeability to air was determined 
by means of an FP-2U apparatus, which is use 
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TaBLeE 5 
Effect of liming on soil permeability to air and water 
1952 1953 
) ion i ipti Time f ‘i 
Location femerinent and description] Gagp coe eee 
Difference Difference 
(eae. in seconds ‘ in seconds 
No |Unit amt. No /|Unit amt. 
lime of lime lime of lime 
-“Mooste”’ state farm; peat- | Perennial grasses, 209 165 —44 97 60 —37 
medium-podzolic coarse Ist & 2nd year of 
clay loam use 
“TLuun’ya’’ state farm; peat- | Perennial grasses, | 192 Hii, —80 270 112 —158 
weakly-podzolic coarse clay 2nd & 8rd year of 
loam use 
“Kollino” state farm; peat- | Perennial grasses, | 458 205 —253 — — _— 
. medium-podzolic coarse 3rd year of use 
clay loam 
“Uus Elu’’ collective farm; | Perennial grasses, | 191 83 —108 a = as 
peat-medium-podzolic 2nd year of use 
‘sandy loam 
“Tee Kommunizmile”’ collec- | Perennial grasses, 198 174 —24 113 83 —30 
tive farm; peat-strongly- 2nd & 3rd year of 
podzolic sandy loam use 
I. V. Stalin collective farm; | Perennial grasses, 114 120 +06 _- — — 
peat-medium-podzolic Ist year of use 
_ sandy loam 
“Ruuza’”’ state farm; peat- | Perennial grasses, 154 165 +11 — — = 
medium-podzolic sandy 3rd year of use 
loam 


in metallurgy to determine permeability to gases. 
The author adapted the apparatus for work 
under field conditions with soils having an un- 
disturbed structure. ‘ 

Seven experiments were made in 1952 on plats 
with perennial grasses. See Table 5 for results. 

A comparison of the changes in permeability 
to air with the changes to intake of water shows 
that these changes are similar in nature. Liming 
n fine-textured soils caused an increase in perme- 
ability to air, but on coarse soils it caused a de- 
crease. The combined action of liming and per- 
nnial grasses, especially second and third year 
in grasses, increased the air permeability (“Kol- 
ino,’ “Uus Elu,” “Ruuza’). 

Effect of Liming on Bulk Density. To de- 
ermine the effect of liming on bulk density, soil 
samples were taken in 1951 and 1952 with cylin- 
ders having a volume of 1 liter; the bulk density 
as determined without disturbing structure. 
able 6 shows that a unit quantity of lime 
ertilizer led to a reduction in the bulk density 
of a liter of soil by an average of 60 to 70 g. 
here was a further change when the lime ferti- 
izer was combined with perennial grasses. How- 
ever, the changes in bulk density were marked 
ven without perennial grasses. For example, on 


one of the collective farms in the Ryapina dis- 
trict, the bulk density of a liter of peat-strongly- 
podzolic sandy soil from a field under oats de- 
creased after the application of a unit quantity 
of lime fertilizer from 1281 to 1202 ¢., that is, 
by 79 g. 

Effect of Liming Acid Soils on the Yield 
of Field Crops. Comparing the data on crops 
with the experimental material in Table 7, a 
definite ratio can be established between the 
changes in soil properties, especially in their agri- 
cultural chemical indices, and the yields ob- 
tained in the experiments. The greater yields 
correspond to the larger changes in the agricul- 
tural chemical indices taking place on thin peat- 
strongly- and medium-podzolic sandy loams with 
liming. The yields proved to be relatively larger 
than on cultivated peat-weakly- and medium- 
podzolie soils with a thicker peat horizon. 

Especially large yields were obtained on 
strongly podzolized soils containing much mobile 
aluminum. On only slightly fertile soils with a 
thin peat horizon, small humus content, and a 
high content of mobile aluminum the increase in 
the yield of perennial grasses with liming was 60 
to 70%. The maximum increase reached 180% 
(the V. I. Lenin collective farm, Vyru district). 
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TABLE 6 
Effect of liming on bulk density 
Wt. of one liter of soil, grams® 
Location of experiment and description ee a ron 
of souk set up determined No lime | Unit amt. |Difierence, 
of lime g. 
“Mooste’’ state farm; peat-me- 1951 Barley | 1296 1298 +2 
dium-podzolic coarse clay 1948 Perennial grasses 1361 1265 —96 
loam 1952 
I. V. Stalin collective farm; 1949 1951 Rye 1416 1390 —26 
peat-medium-podzolic clay 1952 Perennial grasses 1418 1349 —69 
loam 
“Ruuza”’ state farm, Ryapina 1948 1951 Perennial grasses, | 1388 1327 —61 | 
district; peat-medium-podzo- 3rd year of use 
lic sandy loam 
“Bol’shevik’’ collective farm, 1949 1951 Oats 1300 1237 —63 
Tartu district; peat-medium- 
podzolic sandy loam 
A collective farm, Ryapina 1949 1951 Oats 1281 1202 —79 
district; pee strongly- podzo- 
lic sandy | oam ; 
“Tee Kommunizmile”’ collective; 1949 1952 Perennial grasses, | 1379 1299 —80 
farm, Tartu district; peat- 2nd year of use 
strongly-podzolic sandy loam ; : 
“Nygnaru”’ state farm, Tartu 1948 1952 Winter wheat 1383 1369 —i14 | 
district; peat-weakly-podzo- 
lic coarse clay loam 


2 Average of four samples 


On cultivated soils with a thicker peat horizon, 
richer in humus and containing little mobile 
aluminum, the average crop increment from 
liming was 10 to 15%, the maximum being 25%. 

In the intermediate group of soils, with a peat 
horizon of average thickness and having inter- 
mediate podzolization (the “Uus Elu” collective 
farm and the “Mooste”’ and “Ruuza” state 
farms) the yield of perennial grasses increased in 
most cases after liming by about 30%; the maxi- 
mum increase was 40% (“Mooste” state farm). 

Thanks to the improvement in the physico- 
chemical and physical conditions, the fertility of 
the soil is increasing, thus improving growing 
conditions for cultivated plants and soil micro- 
organisms. 


Conclusions 


The study of changes in physical and physico- 
chemical properties with liming of soils in the 
southern part of the Estonian SSR results in the 
following conclusions: 

1. When applied to the basic types of peat- 
podzolic soils with different degrees of podzoliza- 
tion that are characteristic of the southern 
regions of the Republic, lime fertilizers in quanti- 
ties equal to Y2 and 4 of the unit amount (as 
calculated on the basis of hydrolytic acidity) de- 


ee 


crease the concentration of hydrogen ions ang 
hydrolytic acidity and cause a number of other’ 
changes in the soil, assuring a medium favorable’ 
for the cultivation of plants. Such fraction 

quantities usually raise the soil pH (in KCl = 
tracts) from 4.3-4.5 to 5.0, while unit ay 


raise it to 5.5. Even comparatively small amounts 
of lime fertilizers cause a perceptible decrease in 
soil acidity. 

2. The quantity of adsorbed cations, the catioll 
exchange capacity, and the degree of saturation) 
by cations all increase with liming. The quantity’ 
of adsorbed cations increases considerably with 
the use of amounts as small as one-fourth and} 
one-half of the unit amount. The increase is par=- 
ticularly marked when the whole amount is 
applied. When relatively small amounts of lime 
fertilizers are applied to nonlimed acid soils, 
each centner of fertilizer causes a_ relatively: 
larger increase in saturation of the soil by cations) 
than when large amounts are applied. The use of! 
whole unit amounts of lime fertilizer increases 
saturation to 70% and higher. 

3. Mobile aluminum, toxic to cultivated) 
plants, is eliminated by using half units of lime’ 
fertilizer. This is important for the slightly fer- 
tile peat-medium- and strongly-podzolized soils 
with a thin (less than 20 cm.) peat horizon. 
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4. There is an increase in the available phos- 
phorus of the soil when limed; this increase is 
more conspicuous in the fourth to sixth years 
after liming. 

Liming also substantially increases soil ni- 
trates. During the period of middle summer the 
difference in the nitrate content on limed and 
nonlimed plats reached 10 to 15 mg. per kg. of 
soil. 

5. Liming was favorable to water relations on 
all types of soils studied, increasing infiltration 
of clay loams and decreasing that of coarse 
sandy loams. 

Application of lime fertilizers improves perme- 
ability of soil to air, showing an improvement in 
its structure. In fine-textured soils the perme- 
ability to air increases, while in coarse-textured 
soils it decreases. 

Permeability both to air and to water is more 
pronounced when liming is combined with the 
cultivation of perennial grasses. 

6. The bulk density of the soil, which depends 
directly on its structure and on the amount of 
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roots present, decreases by an average of 60 t: 
70 g. per liter of soil after liming. 

7. Grain yields average 15 to 20%, and pe 
ennial grasses from 20-30 to 80-100%. The high 
est yields occur on soils with low fertility ans 
humus content. 

8. It is better in practice to apply half quanta 
ties of lime fertilizers (5 to 6 metric tons pe 
hectare of burnt lime), since they significant] 
improye soil properties and give relatively lar, 
yields as compared with those resulting fror 
unit or double quantities. 

Received October 26, 195: 
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PLANT NUTRIENTS IN STRUCTURED SOILS 


. S. Alov, Bezenchuk Experiment Station 


HE concept that structured soils have a bet- 
4. ter nutrient status than structureless soils 
is inadequately supported by experimental data. 
In general, this concept is based on the fact that 
structured soils have more favorable air and 
moisture properties which encourage intensifi- 
cation of microbiological activity. According to 
this concept, structured soils have a more har- 
monious combination of aerobic and anaerobic 
decomposition of organic matter, which also af- 
fects the optimal nutrient conditions for plants. 
‘The following are the results of some of our 
research on this subject. We make no claim to 
have solved this large and complex problem, but 
e believe that the studies have clarified certain 
spects of nutrient conditions occurring in struc- 
tured soils. These results may serve as an incen- 
ive for deeper study of the question as a whole 
with respect to the unique characteristics of in- 
ividual types of soils and physicogeographic 
zones. 
The material used was the ordinary low-hu- 
us chernozem of the Bezenchuk Experimental 
Station. A differentiated study was made of the 
nique characteristics of the nutrient conditions 
f its individual structural fractions and the re- 
action of plants to these characteristics. 


Pot Experiments _, 


Pot experiments with barley were set up in 
955 to test the reaction of plants to different 
evels of fertility in separate structural fractions. 
Soil was taken on June 20 from an area adjoining 
she Station; this area had not been tilled for the 
ast four years and had become overgrown. The 
3011 moisture was 4 to 5%. We used three struc- 
ural fractions: 5 to 7 mm., 2.5 to 3 mm. and 

to 1.5 mm. The largest and smallest fractions 
vere studied in two treatments: with whole, un- 
listurbed clods, and with pulverized samples. 
ontrols consisted of whole soil taken without 
eparation into fractions but with rubbing and 
ifting through a sieve with 3 mm. openings. 
he experiment was set up in Vagneroff pots 
ith a soil capacity of 6 kg. each. It was repli- 
ated three times. No fertilizers were applied at 
he beginning of the experiment. During growth 


= 


of the plants—at the time of culming—small 
supplementary applications of complete mineral 
fertilizers were made in small quantities (46 to 
47 mg. per kg. of soil) in the form of ammonium 
nitrate, potassium nitrate, and di-ammonium 
phosphate. The soil was watered with tap water 
to 60% of the capillary moisture capacity. 

Sprouts appeared on June 25. As early as the 
third day after sprouting distinct differences 
were detected among the treatments. Plants 
grew better on the pulverized whole soil and on 
the pulverized fractions than on the intact struc- 
tural fractions. As soon as tillermg began, the 
plants on the pulverized fractions showed signs 
of nitrogen deficiency (pale green color, yellow- 
ing of the tips, delay in tillering), while the 
plants which had developed on the undisturbed 
structural fractions gradually began to catch up 
with them. The finer the clods, the earlier was 
the beginning of improvement in the plants 
grown on them. This is illustrated by data from 
measurement of the height of the plants, the 
“energy of tillering” (rate of formation of 
shoots), and the weight of 100 plants when dug 
up (Table 1). 

Data on yields for this experiment are given 
in Table 2. 

The yield in grain and straw on individual 
fractions proved to be lower than on the whole 
soil which had been rubbed through a 3 mm. 
sieve. The yield in grain and straw decreased 
as the size of the clods increased (treatments 
2, 4 and 5). Pulverizing the clods increased 
the grain yield (treatments 2 and 3, 5 and 6) 
both on the large (5 to 7 mm.) and small (1 
to 1.5 mm.) clods, while the yield in straw 
increased on the large fraction. From this it fol- 
lows that the higher yield of grain and straw 
on the non-fractionated soil is caused by two 
factors: the presence in the soil of the smallest 
and most fertile fractions (<1 mm. in diameter) 
and destruction of the large clods. 

The raised level of plant nutrition in pulver- 
ized soil and on the small fractions in the initial 
phases caused the higher energy of productive 
tillering and greater spike size (see the number 
of spikelets per spike) on the earliest formed 
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TABLE 1 


Dynamics of plant growth and development (average 
of three replicates) 


aS 
Energy | 3 ? 
Height of plant, cm. | _ of. 38 
= Treatment tillering Pe] 
FI (fraction, mm.) lat 
bs 6/29| 7/9 | 7/19 | 7/29 |7/19|7/29) Sra. 
1 | Whole soil, pul- 
verized 9.5/24.5/29.6|46.9/2.2/3.4/65.7 
2 | 5-7 whole clods|6.9/21.4/26.3/40.6)1.4/3.6/45.9 
3 | 5-7 pulverized 
clods 9. 3/24,0/29.2/39.2/1.3|/3.4/48.7 
4 | 2.5-3 whole 
clods I7.1/21.2:25.0/39.8)1.7|/3.5/54.4 
5 | 1-1-5 whole 
clods 6.3/21.7|27.7/39.4/2.1/3.5|/51.7 
6 | 1-1.5  pulver- 
ized clods 8.3]24.5/30.0/42.5/2.1/4.2/65.3 


TABLE 2 
Barley yield on different structural fractions and on 
structureless soil (expressed in grams per pot; 
average of three replicates*) 


Characteristics of harvest 
£ Number of i 
g spikelets a 
6 Treatment us] per spike | +3 
a (fraction in mm.) > 5 
4 S| a ie~/a)2is 
Z eae a wise 
‘ e|e| Bele |e| 3 
2 g 5 a= a 3 a 
sal 1c) a |) = n a 
1 | Whole soil, pul-/13.1/27.5} 3.9 |11.8/11.1)/38.5 
verized 
2 | 5-7 whole clods| 8.9/17.6} 3.3 | 8.9} 9.3/37.3 
3 | 5-7 pulverized |10.5/23.8| 3.5 | 7.7|10.0/38.7 
clods 
4 | 2.5-3 whole | 9.0)17.9) 3.5 | 9.5} 8.6/387.5 
clods 
5 | 1-1.5 whole | 9.8]19.1! 3.8 |10.6| 7.6/38.0 
clods ~ 
6 | 1-1.5. pulver- |11.1/17.4| 4.0 |11.3] 7.5|41.0 
ized clods 


* Standard error of the mean (m) +0.454 + 
0.417 
Error of experiment (md.) +0.642 + 0.589 


main stalks. Furthermore, the larger the clods, 
the greater the size of the spikes on the second- 
ary stalks that were formed later, and the later 
the development and maturation of the plants. 
However, the total yield in grain and straw 
proved to be higher on the small clods and pul- 
verized fractions (but for straw, on the large 
ones), for these assured better nutrition of the 
plants before the beginning of tillering (and the 
beginning of differentiation of embryonic spikes 
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on the main shoots). The thousand-grain weigh 
increased in inverse proportion to the size of th 
clods and also was higher on the pulverized soil 
than on the non-pulverized. 

Thus, two periods may be clearly designate’ 
in the growth and development of plants o) 
structured soil: the initial period (preceding ti! 
lering), when the soil structure retards th 
growth and development of the plants, and th) 
subsequent period, when the plants on struq 
tured soil with adequate moisture begin to de 
velop better than on structureless, pulverize! 
soil. The larger the aggregates, the later the be 
ginning of improvement in the growth and de 
velopment of the plants. 

The question of the comparative level of fe 
tility of structured and structureless soils wa 
studied by K. N. Zaitsev at the Bezenchuk Ex 
periment Station under irrigated field condition 
in 1939 and 1940. Spring wheat gave the follow. 
ing yield of grain (in centners per hectare) : 


1939 1940 mean» 
31.0 30.0 -30.5) 


29.0 30.7 29.8 
30.0 29.4 29.7) 


Natural soil 
Structured soil (1-7 mm.) 
Pulverized soil (<1 mm.) 


No difference was detected between structure 
and structureless soils. However, the condition: 
of the field experiments themselves actuall: 
smoothed out the effect of the presence or ab’ 
sence of structure. Irrigation and the first cu 
tivation of the soil brought about partial p 
verization of the artificially created soil structur’ 
(treatment 2), and at the same time there wai 
aggregation of the artificially pulverized soil. A. 
early as 15 days after the division of the soil int¢ 
aggregates and silt, analysis of the aggregate 
after the first irrigation and mellowing showeé 
the following: In the structured soil 20% of thi 
aggregates had fallen apart into smaller fraction: 
and silt, while 75% of the pulverized soil hai 
aggregated. By spring of the next year the ag: 
gregate composition of the structured soil hao 
become identical to that of the natural soil. Un 
der these conditions the lack of any differences 
between the crops on structured and pulverizec 
soils becomes understandable. 

Fertility Factors of Structured Soils : 

The characteristics of growth, developmen) 
and final productivity of plants on differen’ 
fractions of structured soils, established in the 
pot experiments cited previously should be 
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TABLE 3 
Agrochemical indices of individual structural fractions (average of four determinations on each fraction) 
wie | ow | ASCE | Avgtabe artic], Pot 
re P205 : ASE cations . Humus, % 
Fraction in mm. Vo geiparetion (Lyurin’s pH of KCl 
y cations method) extract 
eee eal S clael Hed: / 400 ext, sell 
7-10 22 95 16.5 15.1 0.74 36.4 98 Ono line? 
5-7 39 93 24.4 19.2 0.79 36.4 98 5.25 7.2 
3-5 115 92 45.9 19.2 0.87 36.3 98 5.16 7.2 
2-3 41 95 48.6 22.9 0.88 34.9 97 5.43 ee 
1-2 20 112 54.1 25.2 0.96 34.8 97 5.09 7.2 
0.25-1 AT 159 43.6 18.3 0.70 34.1 98 5.00 7.2 
{Whole soil 21 92 38.0 D5: 0.63 36.2 98 5200 7.2 


largely attributed to the specific peculiarities of 
the nutrient conditions occurring in these soils 
‘(Gnasmuch as the other element of soil fertility— 
the water relations—was optimal in all cases). 

Table 3 shows the results of determining some 
of the basic agrochemical characteristics of the 
nutrient status of individual structural fractions 
lof a typical chernozem. The soil for the analyses 
}was taken in spring (May 10, 1955) from the 
\same area as for the pot experiments (overgrown 
for four years) on the second day following a 
24-hour rain which had been preceded by a pro- 
jlonged dry period (only 4 mm. of rain fell 
jthroughout April and the soil was very dry). 
The moist soil (moisture 18.61%) was put 
through an appropriate set of sieves and the ni- 
trate and ammonia contents were immediately 
idetermined (the remaining determinations were 
carried out after the soil had been air-dried). In 
this way we preserved all the conditions existing 
in the pot experiments (the dried soil was gradu- 
ally moistened to optimal moisture content after 
it was packed in the pots). Ammonia was deter- 
mined colorimetrically by Nessler’s reagent in a 
KCl extract, nitrates by 2,4-phenol disulfonic 
acid, phosphates soluble in 0.5 N acetic acid by 
Malyugin and Khrenoya’s method and phos- 
phates soluble in ammonium carbonate solution 
by Das and Machigin’s method, potassium by 
Brovkina and Peive’s method, humus by Tyu- 
rin’s method, and total adsorbed cations and hy- 
drolytic acidity by Kappan’s method. 

Table 3 shows that with a change in the frac- 
tion size there is a regular pattern of change in 
the indexes of fertility; negligible deviations 
from the general pattern should be ascribed to 
individual peculiarities of the sample. 

‘The content of available forms of the funda- 


mental components of plant nutrition (nitrates, 
acetate-soluble phosphorus and available potas- 
sium) decreases as the clods increase in size. The 
content of ammonia nitrogen, on the other hand, 
increases with an increase in size of the clods, 
and it is only in the largest fractions (>5 mm. in 
diameter) that any decrease in it is noted. This 
is related to the rate of the nitrification process; 
when it decreases the ammonia content rises, but 
with a stable level in the largest clods (5 to 10 
mm.) the NH, content falls. The opposite pat- 
tern was observed for the content of phosphorus 
extractable in ammonium carbonate solution 
(by Das and Machigin’s method): in 3 to 5 
mm. clods it was 4.31 mg., in 2 to 3 mm. clods 
3.54 mg., in 0.25 to 1 mm. clods 3.21 mg., that 
is, the phosphorus increased as the size of the 
clods increased. 

Under these conditions, because the soil is 
structured results in the conversion of the most 
available forms of the nutrients to forms less 
available to plants; this takes place to a greater 
degree as the aggregates increase in size. As the 
clods grow larger, the hydrolytic acidity of the 
soil decreases (except in the 0.25 to 1 mm. frac- 
tion), and the sum ofthe adsorbed cations and 
the degree of saturation with cations increases. 
In these soils no regular change in the pH by 
fraction was found. 

The individual structural fractions have 
higher indexes than does non-fractionated soil 
(treatment 7) with respect to ammonia and ni- 
trate nitrogen, available potassium and hydro- 
lytic acidity, and lower indexes for degree of 
saturation of the soil by cations, humus, and in 
part, for the total of adsorbed cations. As to 
phosphorus content, the non-fractionated soil 
shows a value which is about average for the 
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structural fractions of different sizes. This rela- 
tionship exists because the non-fractionated soil 
contains not only all the structural fractions be- 
tween 0.25 and 10 mm. in diameter, but also two 
extreme fractions, one <0.25 mm. and one >10 
mm. The first of these is present in only negligi- 
ble quantities in the investigated soils—about 
0.06% of the total soil weight—and does not 
exert any effect on the mean values of the in- 
dexes, while the second (large clods) amounts to 
a substantial proportion—17.41%. This causes 
a further decrease in the non-fractionated soil of 
the available components of nutrition (ammonia 
and nitrate nitrogen and available potassium) 
and in hydrolytic acidity as well as an increase 
in humus content and in part of the total ad- 
sorbed cations and degree of saturation with ca- 
tions. 

The differences noted may be explained by the 
direct effect of two factors: the value of the spe- 
cific surface area and the degree of aeration. As 
the size of the clods increases their specific sur- 
face area decreases, and inasmuch as the reac- 
tive capacity of soil is a direct function of its 
specific surface area, it is natural to expect a 
decrease in the formation of the available com- 
ponents of plant nutrition as the size of the ag- 
gregates becomes larger. At the same time, the 
formation of larger aggregates results in an in- 
tensification of anaerobiosis in the soil and a 
decrease in the aerobic microbiological processes. 
This leads to the same results and explains the 
increase in organically bound nutrients as the 
clods grow owing to inhibition of the decomposi- 
tion of organic matter. 

The increase in content of humus and of total 
adsorbed cations and the decrease in available 
forms of phosphorus and potassium in the larger 
clods are related to an increase in their smallest 


TABLE 4 
Particle size analysis of structural fractions 
in percent 
2 Medi . 
8 Structural nid ee Coarse silt] ‘Medium Physical 
ihe fraction sand 0.01- {silt (0.005- clay 
3S | inmm. | (<0.05 |0.05mm.)| 0.0mm) | (<9-01 
é mm.) mm.) 
1 7-10 | 26.0 DERG 33.4 46.5 
Zz 5-7 22.0 31.5 32.0 46.5 
3 3-5 28.0 25.7 31.8 46.3 
4 2-3 29.0 35.4 22.9 Bi) 
5 1-2 26.0 36.4 19.5 37.6 
6 |0.25-1 28.0 44.4 25.3 27.6 
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sized particles (<0.01 mm.), as confirmed by 
particle size analyses of the individual structuray 
fractions (Table 4). 

These changes in the texture of the structura 
fractions lead to increasing compactness of the 
clods as their size increases, to a slackening 0° 
the aerobic processes within the clod, and to @ 
decreased rate of decomposition and an in: 
creased rate of accumulation of humic substances 
bound to the soil. At the same time the adsorb- 
ing complex of the larger fractions grows larger 
and the fixation of phosphorus and potassium in- 
creases. 

Having explained the characteristics of the 
nutrient status formed in structural fractions of 
different sizes under moist and dry conditions; 
we can explain the results of pot experiment No. 
1. The fact that plants grow better in the initial 
period on pulverized rather than on structured 
soil is explained by the significant increase in 
specific surface area of the pulverized soil and! 
the greater contact of plant roots with the soil;) 
mechanical destruction of the aggregates re- 
sults in a substantial merease in the content of 
the available nutrients. The improvement in de-. 
velopment of the plants on structured soils which’ 
occurs by the time of tillering—judging by aj 
number of indexes (intensification of tillering, 
deeper green color, less yellowing at the top) and) 
taking into consideration the uniformly optimum) 
moisture level in all the treatments—must bel 
attributed to the mobilization of the basie nu- 
trients, mostly nitrogen, within the clods, result-. 
ing from an intensification of microbiological ac- 
tivity. This is also suggested by the nitrogen’ 
content of the plants which, when they were dug. 
up on July 9, amounted to 5.70, 5.04, 4.45, 4.51, 
5.66 and 5.08% by dry weight in treatments 1 
to 6, respectively. By the beginning of tillering 
the maximal amount of nitrogen was contained 
in plants from the soil which included all the 
structural fractions, including the microstruc- 
tural elements, rubbed through a 3 mm. sieve 
(treatment 1) and also from the soil with the 
finest structural fraction (treatment 5). The 
somewhat smaller percentage of nitrogen in 
treatment 4 (2.5 to 3 mm. clods) than in treat- 
ment 2 (5 to 7 mm. clods) is explained by the 
greater weight of the plants in treatment 4 than 
of those in treatment 2 (see Table 1). Calcula- 
tion of the amount of nitrogen contained in a 
single plant shows that it decreases at the same 
time that the clod size increases. For the 1 to 
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15 mm. fraction (treatment 5) the plant ab- 
sorbed 3.93 mg. of nitrogen, in the 2.5 to 3 mm. 
fraction (treatment 4) it was 3.56, and in the 
5 to 7 mm. fraction (treatment 2) it was 3.21 
mg. of nitrogen. The nitrogen content of plants 
from intact clods at this time was higher than 
that of plants from pulverized clods (compare 
treatments 2 and 3, and also 5 and 6). The 
ereatest depletion of nitrogen reserves was ob- 
served in pulverized clods that had been 5 to 7 
mm. in diameter (treatment 3) and which, in 
the initial period, had assured the best growth. 
To ascertain the correct explanation for the 
changes noted in the growth and development 
of the plants, we also traced the changes taking 
place in the soil. So we set up a small auxiliary 
‘experiment with barley shoots (sowed July 16) 
which were harvested at one month, that is, at 
the moment when improved growth was noted 


TABLE 5 


Development and yield of shoots on structural 
fractions of different sizes* 


fies Height of plants Fresh weight 
1 5 in cm. in grams 
4 Fraction 

BS in 

5 mm. Above- 

3 7/22 | 7/27 | 8/S | 8/10 | 8/16 | ground | Roots 

é b part 

4 5-7 |11.3/15.2/16.9/18.3/19.8] 2.91 | 0.67 

5 2-3 |11.4/16.2/18.0)20.0/21.7| 3.74 | 1.37 

6 | 0.25-1 |12.7/17.7|18.2)19.3|20.7| 3.47 | 1.48 


® Standard error of the mean (m) +0.151 
Error of experiment (md) +0.212 


+ 
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in the plants on the larger structural fractions. 
In [the other part of] this experiment we used 
the same treatment without the plants (fallow 
soil). The development and yield of the shoots 
are shown in Table 5. 

As in the original pot experiment, after bet- 
ter initial growth on the finest structural frac- 
tions with slowing of growth in proportion to 
the size of the structural fractions, an improve- 
ment was noted by the beginning of tillering in 
the growth on the coarser fractions, and sud- 
denly (August 10) the plants on the 2 to 3 mm. 
fraction overtook those on the fine fractions in 
growth. By harvest time an improvement in 
growth was noted on even the largest (5 to 7 
mm.) fraction, on which the height of the plants 
had begun to approach that of the plants on the 
finest fraction. 

Before setting up this auxiliary experiment 
and also at the time of harvesting the plants 
from it, the soils were analyzed for their content 
of basic nutrients. The results are shown in Table 
6. 

Table 6 shows that the original content of the 
basic nutrients in the individual structural frac- 
tions recapitulates a familiar picture: an in- 
crease in the content of nitrate nitrogen, acetate- 
soluble phosphorus, and available potassium and 
a decrease in the content of ammonia nitrogen 
and ammonium-carbonate soluble phosphorus 
as the clods decrease in size. During fallowing 
there was an abrupt increase in the content of 
nitrates and, in part, of available potassium in 


TABLE 6 
Content of basic nutrients in the soils with plants 


NOs NH Causes ated S| Ue metry sea Available K20 
Fraction in mm. In mg. per kg. of oven-dry soil In milligrams per 100 grams of soil 

At be- After At be- After At be- After At be- | After At be- After 

ginning harvest ginning harvest tinning | harvest | ginning | harvest | ginning harvest 

. In fallow soil 

5-7 15.0 161.2 31.2 37.90 17.3 19.5 5.7 5.8 eee 27.1 

2-3 19.0 202.5 Ppp hel 20.8 15.4 5.5 5.5 25.3 35.9 
0.25-1 23.6 145.0 12.1 26.2 33.0 19.6 5.0 5.4 28.1 85.9 

In soil with plants 

5-7 15.0 16.2 31.2 28.2 17.3 12.7 5.7 4.8 15.2 17.0 

2-3 19.0 15.3 22.1 23.8 25.8 12.2 5.5 4.7 25.3 24.0 
0.25-1 23.6 15.2 ial 22.4 33.0 16a 5.0 4.7 28.1 24.7 
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all fractions; there was relatively less change in 
the content of phosphorus and of ammonia ni- 
trogen as a result of its use in nitrification. The 
maximal nitrate content was found in the inter- 
mediate fraction (2 to 3 mm.); there was a sig- 
nificant increase—of more than 10 times—in the 
nitrate content of the largest fraction (5 to 7 
mm.); the smallest increase (6 times) in the 
amount of nitrates took place in the finest frac- 
tion (0.25 to 1 mm.). The increase in potassium 
was also larger in the larger aggregates. In gen- 
eral, the relationships of ammonium carbonate- 
soluble phosphorus existing before fallowing 
were retained. The ammonia content after fal- 
lowing not only did not decrease but it even in- 
creased somewhat, which, considering the in- 
tensified nitrification taking place, shows the 
simultaneously unweakened ammonification tak- 
ing place. A somewhat larger proportional in- 
crease in ammonia in the finest fraction should 
be related to a decrease in the nitrification rate. 

The content in the different structural frac- 
tions of nitrate nitrogen and of acetate-soluble 
phosphorus had changed by harvest time to cor- 
respond to the rate of growth of the plants, and, 
therefore, with the amount of nitrogen and phos- 
phorus absorbed in the different treatments. The 
content of ammonium carbonate-soluble phos- 
phorus and of potassium and ammonia in gen- 
eral changed little; there was only a certain 


TABLE 7 
Effect of previous drying of the soil on the develop- 
ment of barley shoots on pulverized and 
structured soils® 


P Height of plants, cm. 2 5 
38 Treatment $s S 
a 6/5 | 6/10 | 6/15 | 6/20 is 2 

A. Original soil, moist 

1 Whole pulverized soil} 8.4 | 14.4 | 14.6 | 15.4] 3.6 

2 Coarse clods, whole 8.5 | 12.6 | 14.2 | 16.1 | 4.1 

3 same, but pulverized} 8.0 | 13.3 | 15.0 | 16.2 | 4.1 

4 Medium clods, whole} 8.3 | 12.7 | 14.3 | 17.6] 4.7 

5 same, but pulverized} 7.8 | 13.5 | 14.5 | 16.8 | 4.1 

6 Fine clods, whole 7.41 11.2 | 12.8 | 14.8] 4.1 

B. Original soil, dry 

1 Whole pulverized soil] 8.8 | 14.4 | 15.2 | 17.0] 5.0 

2 Coarse clods, whole | 9.1 | 14.3 | 15.0 | 18.1] 5.2 

3 same, but pulverized] 10.0 | 16.9 | 17.1 | 19.4 | 5.9 

4 Medium clods, whole} 9.2 | 15.8 | 16.8 | 19.2 | 5.8 

5 same, but pulverized] 9.9 | 16.9 | 17.0 | 19.9 | 6.9 

6 Fine clods, whole 8.6 | 15.4 | 16.0} 18.3 | 5.7 


* Standard error of the mean: +0.237 
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relative increase in the ammonia (as in the fal 
low soil) in the finest fraction (0.25 to 1 mm. 
in connection with decrease in nitrification rat: 
in it. Thus, in the pot experiment the improve 
ment in growth and development of the plant: 
that began by the onset of tillering, first in thi 
finest and then in all the larger structural frac’ 
tions, is to be explained by the gradually imi 
creasing (from the fine fractions to the coars 
ones) rates of mobilization of the basic nutri: 
ents, primarily in the nitrification rate. 

These facts show the ability of structure 
soils under fairly stable moisture conditions 
(that is, in fallow) to supply plants with the 
basic nutrients, unaffected (or less affected) by 
the size of the aggregates, thus assuring norma. 
growth of the plants. This was confirmed by < 
special experiment with barley shoots grown or 
soil taken from fall fallow in early spring (at 
the beginning of May); when the soil had not 
yet been subjected to drying. The experiment 
was replicated twice in two series: first with the 
original moist soil, and second with the same 
soil which had previously been dried. The origi- 
nal soil moisture in percent was: 


Whole 5-10 15) 0:25-1 

soil mm. mm. mm. 
Moist soil 26.55 27.21) 726.23) 22e4a | 
Dry soil 8.98 7.48 7.36 


6.74 

The initial nitrate content in the moist e 
(in mg. per kg. of oven-dried soil) was: in whole! 
soil, 14.6; in the 5 to 10 mm. fraction, 13.7; in’ 
the 1 to 3 mm. fraction, 13.1; in the 0.25 to 1| 
mm. fraction, 12.9. Mixtures of the structural 
fractions used in the individual treatments of 
the experiment were made up of clods of differ- 
ent sizes in the following percentages: | 


Structural mixture 5-10 mm, 1-5 mm. 0.25-1 mm, 


Coarse clods 75 16.7 8.3 = 
Medium clods 1235, 75 12.5 
Fine clods 8.3 16.7 75 


Sowing took place May 26. All pots were wa- 
tered uniformly to 60% of the capillary moisture 
capacity. The harvest was June 20. Results are 
shown in Table 7. 

Table 7 shows that on the originally moist soil 
the development of plants on pulverized clods 
at first lagged behind that on structural aggre- 
gates and did not begin to take even a slight lead 
until after the first ten days. The yield in shoots 
on the structured soil did not differ from that 
on pulverized soil; on the medium-clod struc- 


ural mixtures the plants developed somewhat 
etter than in the other treatments. 

In all treatments the plants developed better 

n soils which had previously been subjected to 
rying than on undried soils. Just as in the pot 
experiments (see Table 1), the plants from the 
ery first grew better on pulverized soil than on 
tructured soil. The yield in shoots was also 
higher here. At ages as young as two weeks (June 
4) a lighter color and yellowing of the tops was 
etected in the plants on pulverized soils and 
the finer fractions. We noted similar character- 
istics in the basic pot experiment. 
Thus, previous drying of the soil is a critical 
factor in determining the difference in the level 
bf fertility between pulverized and structured 
soils: moist pulverized and structured soils as- 
lure the plants of more or less uniform nutrients 
Huring the initial period of their growth; drying 
(and subsequent moistening) increase fertility 
bf the pulverized soils during the initial period 
bf plant growth as compared to structured soils. 
|[his is of great importance in arid regions where 
the precipitation during the growing period very 
ften falls on extremely dry soil. 

The positive effect of drying of the soil on its 
‘ertility was first established by the investiga- 
ions of A. N. Lebedyantsev. They showed that 
drying and subsequent moistening substantially 
raised the content of nitrates, ammonia, and 
ther available compounds in a manner similar 
50 that occurring in soil following its steriliza- 
sion. These investigations were confirmed by 
nany authors, but only for whole soil; none of 
he individual components of the soil (different 
structural and textural fractions) was studied 
n this respect. 

One can imagine that in the different-sized 
structural fractions the process occurs in the fol- 
owing way: After drying (or sterilizing) of the 
soil and its remoistening, the activity of its mi- 
sroorganisms is reestablished, or even intensified, 
inevenly in different fractions. Initially, activity 
of the microorganisms is limited by the total 
surface area of the clods. The fine fractions, hav- 
ng a higher specific surface area, cause more in- 
sensive development of the microflora and con- 
equently more ammonia, nitrates and other 
vailable compounds are formed on them than 
m coarser fractions. In proportion to the in- 
srease in numbers and activity of the microor- 
anisms taking place under. conditions of optimal 
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soil moisture, gradual penetration of the micro- 
organisms from the periphery to the interior of 
the clods takes place. Since the coarser clods 
contain more humus, organically bound phos- 
phorus, and other compounds, they offer more 
favorable conditions for the vital activities of 
microorganisms. Consequently, the production 
of ammonia, nitrates, and other nutrients be- 
comes the same as in the fine fractions and even 
begins to surpass that of the latter. This ex- 
planation is only a working hypothesis and needs 
specific confirmation by microbiologists. 


Conclusions 


1. The fertility of structured soil is not uni- 
form. With an increase in the size of clods (after 
drying and remoistening) there is a decrease of 
the most available forms of nutrients for plants 
—nitrates, phosphorus and potassium; an in- 
crease in their ammonia content (in clods up to 
5 mm. in diameter); and an increase in the to- 
tal adsorbed cations and degree of saturation 
with these cations in the larger clods as hydro- 
lytic acidity decreases. 

2. Differences in the quality of clods of dif- 
ferent sizes cause an uneven degree of fertility 
and, under the conditions of the pot experiment, 
dried and remoistened pulverized soils assure 
better initial growth of plants than do struc- 
tured soils. The coarser the structure of the ag- 
gregate, the weaker the initial growth of the 
plant. 

3. With adequate moisture in the pot ex- 
periment, structured soils from the beginning 
of tillermg show intensified mobilization of the 
available plant nutrients, primarily nitrogen, 
and the development of plants on them improves 
noticeably. The smaller the size of the structural 
aggregates, the earlier the mobilization of nu- 
trients occurs. The finer clods give a larger yield 
of grain and straw and more full-weight grain 
than do the coarser clods. As the clods become 
coarser the number of shoots at tillering in- 
creases, maturation is delayed and the growing 
period protracted. 

4. When structured soils are left in fallow in 
the presence of adequate moisture and the ab- 
sence of overdrying of the clods their nutrient 
content improves considerably and the initial 
growth of plants on them is the same as on pul- 
verized soils. 
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MEETING OF DELEGATES OF THE 
ALL-UNION SOCIETY OF 
SOIL SCIENTISTS 


A meeting of the delegates of the All-Union 
Society of Soil Scientists has been called for 
May, 1958, in Moscow. 

Participants in the work of the meeting will 
be the delegates with voting rights chosen at 
general conventions of the branches and divi- 
sions of the All-Union Society of Soil Scientists 
in the proportion of one delegate for every ten 
embers of the Society. 

The meeting is being called to decide the fol- 
owing organizational questions: confirmation of 
he new constitution of the Society; the account 
f the organization committee of the Society; 
lection of the council of the Society and the 
nspection committee. In addition, consideration 
will be given at this meeting to the following 
cientific problems: 

1. Regular current tasks of soil scientists of 
he USSR with respect to the decisions of the 
arty and the government; ~ 
2. Classification of soils and soil meet sity. 
3. Soil regionalization ; 

4. Soil factors in the effectiveness of soil fer- 
ility ; 

5. Types of soil erosion processes, their oc- 
urrence in the USSR and measures for their 
ontrol. 

The principal reports on these -problems will 
e heard at the plenary sessions; supplementary 


Announcements 


reports will be heard in the four sections now 
being organized: 
a. Genesis, geography and classification of 
soils; 
b. Regionalization and productivity of soils; 
ce. Soil fertility; 
d. Improvement and control of soil erosion. 
After the meeting there will be a field trip along 
the main road from Moscow to Kursk for a dis- 
cussion under field conditions of questions of the 
genesis and classification of soils. 
Organization Committee, 
All-Union Society of Soil Scientists 


ANNOUNCEMENT OF THE V. V. 
DOKUCHAYEV PRIZE 
CONTEST 


The office of the Division of Biological Sciences, 
Academy of Sciences, USSR, announces the 1958 
V. V. Dokuchayey Prize Contest (20,000 rubles). 
The award is to be given for the outstanding sci- 
entific paper in the field of soil science. 

The competition is open to individual authors 
or to’ groups. 

Only published papers (in triplicate) should 
be submitted. They should be sent to the Divi- 
sion of Biological Sciences, Academy of Science, 
USSR. (Leninskii Prospekt 14, Moscow). Closing 
date is July 1, 1958. A summary of the documents 
to be submitted m the competition is given in 
the newspaper Izvestiya, No. 6 (12622), January 
8, 1958. 
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A.I.B.S. Russian Monograph Translations 


The AIBS is in the process of expanding its Russian Translations Program extensively. Funds to subsi- 
Hize translation and publication of important Russian literature in biology have been obtained from the 
ational Science Foundation, as part of a larger program to encourage the exchange of scientific informa- 


ion between the two countries. The following monographs have been scheduled for publication: 
\ 


Origins of Angiospermous Plants. By A. L. Takhtajan. 
Edited by G. Ledyard Stebbins. Translated by Olga H. Gankin. 
68 pp. Ready now. $3.00 (U.S. & Canada) $3.50 (Foreign) 


Ssays on the Evolutionary Morphology of Plants. By A. L. Takhtajan. 
Edited by G. Ledyard Stebbins. Translated by Olga H. Gankin. 
144 pp. Ready now. $5.00 (U.S. & Canada) $5.50 (Foreign) 


*roblems in the Classification of Antagonists of Actinomycetes. By G. F. Gause. 

Ny ‘Edited by David Gottlieb. Translated by Fritz Danga. $5.00 (U.S. & Canada) $5.50 (Foreign) 
he following Russian monographs are being translated. Publication date to be announced. 
«Rays and Plants. By L. P. Breslavets. $5.00 (U.S. & Canada) $5.50 (Foreign) 


Arachnida. Vol. IV, No. 2 Slee of the U.S.S.R. By B. I. Pomeranizev. 
Edited by Pear Anastos. Translated by Alena Elbl. $10.00 (U.S. & Canada) $11.00 (Foreign) 


Arachnoidea. Vol. VI, No. 1. Fauna of the U.S.S.R. By A. A. Zachvatkin. 
Translated and edited by A. Ratcliffe and A. M. Hughes. $10.00 (U.S. & Canada) $11.00 (Foreign) 


* 


Order from: 


AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES 
2000 P Street, N.W. Washington 6, D.C. 


ATTENTION: TRANSLATORS 


We need translators for our Russian journal—SOVIET SOIL SCIENCE. If you are a trans- 
lator with a background in soil chemistry, soil physics, soil microbiology, soil fertility, soil 


genesis and classification, soil conservation, irrigation, or other related aspects of soil science, 


please apply. 
Your resume, along with references, will be considered and tests will be sent to you. 


ADDRESS ALL INQUIRIES TO: 
Assistant Editor 
Soviet Soil Science 
American Institute of Biological Sciences 
2000 P Street, N.W. 
Washington 6, D. C. 


AR 
IOMY SEMIS 
RGRS - ENPORT HALL 


TRANSLATIONS OF 
RUSSIAN BIOLOGICAL JOURNALS 


The American Institute of Biological Sciences, under a grant from the National Science 
Foundation, is currently translating and publishing seven Russian research journals in biology. 
DOKLADY: BIOLOGICAL SCIENCES SECTION 
6 issues per year. First issues published: 1957, Vols. 112-117. Current issues pubiieheds 

1959, Vols. 124-129. 
Subscriptions: 
$20.00 per year, U.S.A. & Canada $2.50 additional to each price, foreign 
$15.00 per year, AIBS members, univer- $4.00 each, single copies 
sity and non-profit libraries 
DOKLADY: BOTANICAL SCIENCES SECTION 
6 issues per year. First issues published: 1957, Vols. 112-117. Current issues published: 
1959, Vols. 124-129. 
Subscriptions: 
$7.50 per year, U.S.A. & Canada $.150 additional to each price, foreign 
$5.75 per year, AIBS members, univer- $1.50 each, single copies 
sity and non-profit libraries 
DOKLADY: BIOCHEMISTRY SECTION ; 
6 issues per year. First issues published: 1957, Vols. 112-117. Current issues published: 
1959, Vols. 124-129. 
Subscriptions: 
$15.00 per year, individuals and indus- $3.00 additional to each price, foreign 
trial libraries $4.50 each, single copies 
$10.00 per year, AIBS members, univer- 
sity and non-profit libraries 
PLANT PHYSIOLOGY e FIZIOLOGIYA RASTENY 
6 issues per year. First issues published: 1957, Vol. 4, Nos. 1-6. Current issues pub- 
lished: 1959, Vol. 6, Nos. 1-6. 
Subscriptions: 
$15.00 per year, U.S.A. & Canada $2.00 additional to each price, foreign : 
$11.00 per year, AIBS members, univer- $3.00 each, single copies 
sity and non-profit libraries 
MICROBIOLOGY e MICROBIOLOGIYA 


6 issues per year. First issues published: 1957, Vol. 26, Nos. 1-6. Current issues pub- 
lished; 1959, Vol. 28, Nos. 1-6. ; 


Subscriptions: 
$20.00 per year, U.S.A. & Canada $2.50 additional to each price, foreign 
$15.00 per year, AIBS members, univer- $4.00 each, single copies 


sity and non-profit libraries 
SOVIET SOIL SCIENCE 6 POCHVOVEDENIYE 
12 issues per year. First issues published: 1958. Current issues published: Jan.—Mar., 
1958. : 
Subscriptions: 
$40.00 per year, individuals and indus- $3.00 additional to each price 
trial libraries. $4.50 each, single copies 
$20.00 per year, AIBS members, univer- 
sity and non-profit libraries. \ 
ENTOMOLOGICAL REVIEW e ENTOMOLOGICHESKOE OBOZRENIE 
aus per year. First issues published: 1958. Current issues published: 1958, Vol. 37, 
os. 1- 
Subscriptions: 
$25.00 per year, individuals and indus- $3.00 additional to each price, foreign — 
trial libraries $7.50 each, single copies 
$12.00 per year, AIBS members, univer- 
sity and non-profit libraries 


Order from: 
AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES 
2000 P St., N.W. H Washington 6, D.C. 


